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My Dear Mr. President:

Letter of Transmittal

NATIONAL SCIENCE BOARD
4201 Wilson Boulevard

ARLINGTON, VIRGINIA 22230

December 8, 1993

It is my honor to transmit to you, and through you to the Congress, the eleventh in the
series of biennial Science Indicators reportsScience and Engineering Indicators-1993.
The National Science Board is submitting this report in accordance with Sec. 4 (j) (1) of
the National Science Foundation Act of 1950, as amended.

The Science and Engineering Indicators report provides policymakers in both the pub-
lic and private sectors with a broad base of quantitative information about U.S. science
and engineering research and education and U.S. technology in a global context. The
data and analysis in this report are especially relevant to our Nation during these first
years of the Post-Cold War era.

Science and technology, including basic research, are key factors in meeting our
strategic goals of improved international competitiveness and enhanced health and eco-
nomic and social well-being. The Science and Engineering Indicators report series con-
tributes to a better understanding of the science and technology enterprise and will be
helpful as together we define and assess priorities and accomplishments.

Mr. President, the National Science Board is proud to note that the Science and
Engineering Indicators report is internationally renowned and has become a model for
other countries. I join my colleagues on the National Science Board in expressing the
hope that you, your Administration and the Congress will find this report useful as
you set priorities, make decisions on investments and seek solutions to our national
problems.

The Honorable
The President of the United States
The White House
Washington, DC 20500

Respectftilly yours,

James J. Duderstadt
Chairman
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Introduction

An Historical Perspective

It has been more than 20 years since tl e National
Science Board (NSB) issued the first edition of what has
since become the biennial Science & Engineering
Indicators report. Consistent with its congressional man-
date to be concerned with the state of science and engi-
neering in the United States, the Board made an early,
explicit decision to work with other federal agencies to
develop output indicators and input indicators to help
describe major scientific advances and technological
achievements, as well as gauge the contribution of sci-
ence and technology both to specific national goals and
the broad national welfare.

In preparing the 1993 report, the NSB Subcommittee
on Science and Engineering Indicators reviewed the his-
tory and original goals of the NSB in developing an
Indicators effort. On May 19, 1976, Roger Heyns,
Chairman of the NSB's Science Indicators Committee,
was invited to testify at hearings before the House of
Representatives' Subcommittee on Domestic and
International Scientific Planning. At this hearing, Heyns
outlined some of the main purposes and functions of the
reports:

to detect and monitor significant developments and
trends in the scientific enterprise, including interna-
tional comparisons;

to evaluate their implications for the present and
future health of science:

to provide the continuing and comprehensive
appraisal of U.S. science:

tk, establish a new meLhanism for guiding the
Nation's science policy:

to encourage quantification of the common dimen-
sions of science policy, leading to improvements in
research and development policy-setting within fed-
eral agencies and other organizations: and

to stimulate social scientists' interest in the method-
ology of science indicators as well as their interest
in this important area of public policy.

Over the years, the Science & Engineering Indicators
reports have evolved, expanding their coverage, and
refining and improving the methodologies, presentations,
and analyses of the indicators. The NSB Subcommittee
reviewed the original objectives established 20 years ago;
it noted that they have been met and are still valid.
Indeed, the first objective (international comparisons) is
perhaps even more important today than it was in 1972.
In recognition of this, one of the major enhancements, of
the Science & Engineering Indicators-1993 report is an
expanded coverage of international comparisons.

Audiences

In developing the Scie»ce & Engineering Indicators
reports, the Board is aware of their value and use as ref-
erence documents as well as policy documents. The
reports now serve the needs of a very wide audience
including decisionmakers from government (in particu-
lar the congressional and executive branches), the
industrial and academic sectors, nonprofit organizations,
and professional societies. One of the continuing objec-
tives of the Board is to be relevant to this broad audience
in the United States, as well as abroad, who have come
to rely on comprehensive and objective indicators to
assist them in their responsibilities.

The NSB Subcommittee, before preparing this report,
contacted a variety of users to determine policymakers'
needs and views about Science & Engineering Indicators.
Their response was overwhelmingly positive. Several
important topics were suggested, and many of these
ideas were incorporated in Science & Engineering
Indicators-1993.

Coverage of Indicators

The coverage of several important topics or themes
have remained constant over the years, regardless of
chapter configuration. As stated earlier, international
comparisons were an initial goal of the report and have
been greatly enhanced in the 1993 report. The National
Science Board and the National Science Foundation, in
cooperation with the Organisation for Economic Co-
operation and Development (OECD), have taken a lead-
ership role in developing science indicators-type reports
and quantitative information on science and technology
as a basis for policymaking and as a tool for research and
assessment on a worldwide basis.

The success of providing valid and comparable data
depends on the active participation and cooperation of
nations who now are engaged in developing their own
national science and engineering indicators. Among the
OECD member countries, Australia, Canada, France,
Germany, Italy, Japan, the Netherlands, and the United
Kingdom, to name a few, are engaged in national indica-
tors activities. The Commission of the European Com-
munities is establishing its own science and engineering
indicators program. Over the past year, National
Science Foundation staff have worked with a number of
other countries such as Brazil, India, Indonesia, and
Mexico as they also have begun of expanded their own
science and engineering indicators efforts. Additionally,
the Nation?! Science Foundation is working in partner-
ship with the OECD to assist "economies in transition,"
such as Russia and Central European countries, to
establish comparable science and technology indicator
systems. The National Science Foundation continues

12



x9 Introduction

its cooperation in science indicators activities with the
Pacific Economic Cooperation Council (PECC) and
Asian countries.

The quantification of the outputs and impacts of sci-
ence and technology was an original goal. Science
Indicators 1972 contained some measures of scientific
publications and citations by fields and countries. The
National Science Foundation took an early lead in devel-
oping the field of bibiliometrics; these indicators have
been greatly refined and expanded and improved over
the years. Once thought new and experimental, they are
now accepted the world over as important output indica-
tors. A variety of patent indicators have been used and
improved as another measure of inventiveness and out-
put from R&D, particularly with regard to the industrial
sector. These indicators are now being considered as
important metrics in broad performance assessments.

Assessments of what was called "Public Opinion of
Science" in the 1972 report have been a another continu-
ing feature of the Science & Engineering Indicator series.
Evaluating, quantitatively, the complex, but all-important
public attitudes toward and understanding of science
and technology in a manner that accurately portrays
dyne attitudes and changes over time has led to the
development and evaluation of ever more comprehen-
sive and refined public attitude survey instruments. The
National Science Foundation has worked with the
Commission of the European Communities, Japan, and a
number of other countries to increase the comparability
and coverage of survey questions. including questions on
environmental topics and issues. The National Institutes
of Health joined the National Science Foundation in this
endeavor, supporting the development of a whole set of
new indicators related to the measurement of public
understanding of biomedical and behavioral science con-
cepts and scientific reasoning. This report encompasses
expanded coverage of public attitudes and understand-

in terms of international comparisons and increased
subject matter.

Among the more visible and significant trends to
which Science & Engineering Indicators must respond is
the globalization of science and technology. The impor-
tance of international comparisons and international col-
laboration in developing indicators data has already
been stressed. This report includes data on trends in

international collaboration. In view of the importance of
regional cooperation, the report also presents regional
data for Europe, Asia, and North America, for example.

In the field of education indicators,' this report
includes information on global human resource develop-
ment in science and engineering. Special attention also
has been paid to education and employment in science
and engineering of women and minorities.

An effort was made in the Science & Engineering
Indicators-1993 report to provide information on a
number of topics or developments thought to be of inter-
est to policymakers such as the changes in defense R&D
and the effects of defense conversion on R&D expendi-
tures and science and engineering employment patterns.
Additionally, new information is provided on internation-
al and domestic cooperation and partnerships in science
and engineering. Some information is also presented on
the immigration of scientists and engineers from Russia.
A discussion is included on the future national competi-
tiveness in high-technology industries for eight Asiaa
countries.

Universities have increased their role in the perfor-
mance of the Nation's R&D. However, concern is cur-
. ently being expressed about changes and pressures on
U.S. research universities. Because of its importance, a
separate chapter is devoted to academic research.

U.S. science and engineering, and the technologies
that emerge from related research and development and
innovation in the private and public sectors, are widely
recognized for their contributions to the Nation's eco-
nomic growth. Therefore, a chapter on technology devel-
opment and competitiveness is included.

From the outset, the vision of the National Science
Board has been to provide a continuing and comprehen-
sive appraisal of U.S. science and engineering. The
Science & Engineering Indicaton-1993 report continues
this excellent tradition.

This report contains chapters on precollege science and mathemat-
ics education and higher education in science and engineering. For
further information en these topics, see Division of Research,
Evaluation and Dissemination. 1993. Indicators of Science and
Mathematics Education 1992. NSF 93-95. Washington DC: National
Science Foundation.
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SCIENCE AND TECHNOLOGY: CHANGES AND CHALLENGES

"This country must sustain

world leadership in science,

mathematics, and engineering

if we are to meet the

challenges of today . . . yid

of tomorrow."

PRESIDENT WILLIAM J. CLINTON

November 23, 1993

4

The u.s. science and technology (sszT) enterprise is key to our future.
It is vital to our Nation's economic growth and productivity and

makes invaluable contributions to our personal health and well-being.
Against the backdrop of new political realitiesthe end of the Cold War,
the collapse of the former Soviet Union, and the resultant and concomitant
changes in defense requirementsnational investment in research and
development (R&D) and education and training is particularly significant.

Further, the increased globalization of national economies under-
scores the need to analyze and understand current trends in both coop-
eration and competition in science and technology. Many nations have
increased their scientific and technological capabilities, resulting in
growing economic competition from abroad in technological products
and services. Growing S&T investments in newly industrialized econ-
omies and the development of new regional blocks such as Europe,
North America, and the Pacific Rim call for increased attention by
policymakers to enhanced opportunities forand challenges toscien-
tific and economic interaction.

This report describes U.S. science, engineering, and technology
trends in a global context, and provides insights on how investments
and priorities are changing over time. S&T human resources, in all their
diversity, are essential to our economy and national security. Therefore,
information on the science and engineering (S&E) pipelineprecollege
education, higher education, and the S&E workforceis presented. In a
democracy such as our own, public attitudes and public understanding
are of major importance and have an impact on decisions in both the pri-
vate and public sectors. Therefore, the report presents information on
science and technology in a societal context.

This overview section highlights some of the cross-cutting themes
and findings detailed in the remainder of this report.

u.s. scientific and technical capabilities should be viewed in a
global context.

The United States still leads all other col ntries in the amount of
total R&D investments, but other countries have increased their
R&D capabilities and are either closing the gap with or leading the
United States for some indicators.

Total U.S. expenditures on R&D reached an estimated $161 billion
in 1993, or 2.6 percent of the gross domestic product (GDP). In
1991, the R&D/GDP ratio in Germany was also 2.6 percent (2.8 for
the former West Germany alone), and the ratio for Japan was 3.0
percent.
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Continued slow growth is expected for the Nation's R&D invest-
ment; since the late 1980s, there has been a worldwide slowing in

R&D funding growth.

The United States spent 11 percent more on R&D than Japan, the

former West Germany, and France combined in 1991, but these
three countries spent 17 percent more on nondefense R&D than did

the United States. Only in Japan, however, has nondefense R&D
grown faster than in the United States since the early 1980s.

The nondefense R&D/GDP ratio in the United States is less than or

equal to many other industrialized countries. In 1991, the U.S. ratio
was only 1.9 percent, which is equal to that of France, but less than

the 3.0 percent ratio in Japan or the 2.7 percent in the former West

Germany.

The United States continues to lead the industrialized world in the

performance of industrial R&D, but over the past two decades, the

u.s. share of industrial R&D performed by the Organisation for

Economic Co-operation and Development countries has fallen.
Despite this decline, the United States remains the leading per-
former of industrial R&D by a wide margin, even surpassing the

combined R&D of the 12-nation European Community.

Twice as many scientists and engineers are engaged in R&D in the

United States as in Japan; however the United States and Japan

now have similar proportions of such researchers in their respec-

tive workforces.

The United States has high participation rates in university educa-

tion. However, Canada and some Central European and Asian

countries have higher participation rates in natural science and

engineering (NS&E) degrees by their college-age populations than

does the United States.

In 1990, six Asian countries produced more than one-half million

NS&E bachelors degrees, slightly more than the number of NS&E

degrees produced in Europe and North America combined.

The U.S. share of the world's influential scientific publications far

exceeds that of any other country. Scientists and engineers in the

United States, the European Community, and Japan produce about

two-thirds of the world's premier scientific literature.
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"It is essential to recognize that

technical advances depend on basic

research in science, mathematics,

and engineering. Scientific advances

are the wellspring of the technical

innovations whose benefits are seen

in economic growth, improved health

care and many other areas.

The Federal Government has invested

heavily in basic research since the

Second World War and this support

has paid enormous dividends.

Our research universities are the

best in the world; our national

laboratories and the research facilities

they house attract scientists and

engineers from around the globe."

PRESIDENT WILLIAM J. CLINTON AND

VICE PRESIDENT ALBERT GORE, JR.

Technology for America's

Economic Growth,

New Directions to Build

Economic Strength

February 22, 1993
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The S&T enterprise is increasingly global in nature, and interna-
tional interaction is increasing.

The internationalization of industrial R&D is intensifying. From
1980 to 1991, u.s. firms generally increased their funding of R&D

performed abroad. Since 1985, u.s. firms' overseas R&D financing
has increased nine times faster than that performed domestically.
Offshore R&D funded by u.s. industrial firms now equals 11.3 per-
cent of their own domestic R&D expenditures. Foreign R&D com-
prised more than 10 percent of industry's total in the United States,
Canada, the United Kingdom, and France in 1990. The number of
multi-firm international R&D alliances grew from about 250 in the
1970s to almost 1,500 in the 1980s.

International coauthorship of scientific articles represents another
indication of enhanced collaboration. In 1991, 11 percent of the
world's articles were internationally coauthoredthis is twice the
percentage from a decade earlier. This increase in international
cooperation is evident in several fields, but especially in physics,
mathematics, and earth and space sciences. Although u.s. re-
searcl'ers still collaborate most frequently with colleagues in the
Uni:-Ni Kingdom and Germany, there has been increased coopera-
tion with France, Japan, and Italy.

The excellence of the U.s. higher education system attracts grow-
ing numbers of foreign students. These students continued to
increase as a proportion of U.S. doctoral degrees in 1991, particular-
ly in engineering and mathematics; foreign students received over
25 percent of all natural science degrees, over 40 percent of
math/computer sciences degrees, and over 45 percent of engi-
neering degrees awarded that year.

Among foreign citizens, students from Asian countries receive
three times more S&E doctorates from American universities as do
students from all European countries and the Americas combined.
More than three times as many Asian S&E doctoral recipients plan
to stay and work in the United States as foreign S&E doctorates
from the Americas and Eut ope.

The u.s. is undergoing a change in the structure of its R&D investments.

The Federal Government provides a decreasing fraction of national
R&D supportan estimated 42 percent in 1993, down from 46 percent
in the mid-1980s. Industry provides more than half of all funds (52
percent); and the combined share of state government, university,
and nonprofit support has doubled from 3 to 6 percent since 1985.
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Universities conduct an increasing share of the R&D performed in
the United States, growing from 9 percent in 1985 to 13 percent in
1993. Industrial firms are still responsible for performing most of
the Nation's R&I)(i8 percentbut their share of the total national
effort fell over this same period.

Individual investigators receive a slightly smaller share of federal
civilian academic research support than in the past, but still receive

more than half of all such funds.

R&D performance is highly concentrated in just a few States. California

accounted for 20 percent of all R&D conducted in the United States, and
10 States represent over two-thirds of the national Rep total. This concen-

tration of R&D timds has remained fairly constant over time, but many
other States now are developing strategies to enhance their sy.:T base.

U.s. science and engineering investments and activities reflect
changing national priorities.

Health R&D accounts for a rapidly growing share (15 percent in
1994) of the government's total R&D investment. Much of the
growth in health-related R&.0 is for AIDS research. National defense

R&D spending still commands the lion's share (59 percent of the
federal total), but is decreasing. Space research has increased, pri-
marily for Space Station Freedom.

Health research was scheduled to receive the single largest share-
10 percentof federal basic research budgets in 1994. General sci-

ence, which included funding for the National Science Foundation

and for the research portion of the now-canceled Superconducting
Super Collider, accounted for 20 percent of estimated federal basic

research authorizations. General science, however, still comprises
only 4 percent of total federal R&D.

Reflecting the overall strategy to use science and technology to
achieve national goals, combined funding for six interagency
cross-cutting initiatives equaled $12.5 billion, or about one-sixth of

the estimated 1994 federal R&D support. Funding for biotechnolo-

gy was $4.3 billion: advanced materials and processing, $2.1 bil-

lion; global change research, $1.5 billion; advanced manufacturing
technology, $1.4 billion; and high-performance computing and

communications, $1.0 billion. The science, mathematics, engineer-
ing, and technology education initiative was funded at $2.3 billion,

although it is not directly included in an R&D budget. There is

some overlap in these activities and budget estimates, and new fed-

eral strategic initiatives are being developed.

xix
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"Rf.sults of academic research

are much more useful to

industry today than they were

10 or 20 years ago. Univelwities

are more receptive to and

interested in collaborating with

industry at this time. However,

academic research should focus its

efforts on the long-term, fundamental

needs of the United States in science

and engineering, with input on those

needs from private industry,

government and other sectors."

CHARLES F. LARSEN

Executive Director
Industrial Research Institute
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The importance of supporting basic research in areas of strategic
and national importance and the enhancement of interagency
coordination are receiving increased national attention.

Research can be directly influenced by the quest for fundamental
knowledge and can contribute to strategic projects and/or nation-
al goals. Basic research and education are investments in future
capabilities. It is therefore not surprising that the academic sector
performed 62 percent of the Nation's basic research.

In recognition of the importance of basic research, national expen-
ditures in this area of investment increased both in terms of abso-
lute levels of funding and a 3 a proportion of total R&D expenditures.
Since the mid-1980s, the share of R&I) funding devoted to basic
research rose from 13 to 16 percent. The Federal Government has
traditionally funded the majority of the Nation's basic research: in
1993. it provided 63 percent of the funding for this activity.

There is new and increased emphasis on supporting basic research
in a variety of strategic areas as determined by the President. the
new Cabinet-level National Science and Technology Council (NSTC),'

and Congress.

The NSTC will establish clear national goals for federal science
and technology investments and ensure that science, space and
technology policies and programs are developed and implemented
to effectively contribute to those national goals. To enhance coor-
dination of ft&I) strategies and budget recommendations, the
National Science and Technology Council will establish coordinat-
ing committees on R&D in the following areas:

Health. Safety, and Food R&D
Fundamental Science and Engineering Research
Information and Communication R&D
Environment nnd Natural Resources Research
Civilian Industrial Technology R&D

Education and Training R&D

Transportation R&D
National Security R&D
International Science Engineering and Technology R&D

'President Clinton established the National Science and Technology Council by
Executive Order on November 23. 1993. The Council will consolidate the responsibilities
previously carried out by a number of other interagency councils, including the Federal
Coordinating Council for Science. Engineering, and Technology; the National Space
Council; and the National Critical Materials Council. The same executive order also estab-
lished the President's Committee of Advisors on Science and Technology; this private sec-
tor committee will serve as an advisory group to the President and the National Science and
Technology Council.
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Universities have assumed a larger role in performing the Nation's
R&D, but are receiving a smaller share of their funding from the

Federal Government.

Academic R&D rose to an estimated $20.6 billion in 1993. Although
overall expenditures have grown, the federal share of academic
support has continued to decline, as other ref -ted sources of uni-

versity supportincluding universities' own fundshave grown
more rapidly.

In 1993, federal sources still provided the majority of funding for
academic R&D-56 percentbut this was a decrease from the 68-
percent share provided by the Federal Government in 1980. Aca-

demic institutions themselves provided the second largest share of

academic R&D support, reaching 20 percent in 1993. Industrial sup-

port of academic research has grown more rapidly than support
from other sources; its share increased from 3.9 percent in 1980 to

7.3 percent in 1993.

The amount, adequacy, and condition of S&E research space at the
Nation's research-performing institutions are all reported to have
increased and/or improved between the 1988/89 and 1992/93

periods. However, 34 percent of the institutions still reported that
their research space was inadequate.

u.s. research universities have recently begun to show a decline in

expenditures from current funds on academic R&D instrumentation
after having made large increases in instrumentation investment
during most of the 1980s.

The rapid increase in the number of doctoral academic re-
searchers evident in the 1980s appears to have leveled off for all
fields but computer science.

During the 1980s, a growing fraction of academic scientists and
engineers reported being active in research. This trend seems to
have slowed or leveled off between 1989 and 1991.

Defense downsizing has affected R&D expenditures and S&E

employment.

Detense R&D (which includes Department of Energy weapons pro-
grams) dropped to 59 percent of the 1994 federal R&D budget
down from its 1987 peak of 69 percent. Within the Department of

Defense (DOD), however, the post-Cold War budget R&D funds

have actually increased, while some other budget areas have

declined. R&D now accounts for 14 percent of DOD'S total outlays
up from a 10-percent share at the beginning of the defense buildup
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a:*

'he burden of expectations

on the universities grows year

by year, while their traditional

functions of teaching, research

and extension have never

been more impor:ant."

FRANK H. T. RHODES

President of Cornell University
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in 1980. Out of its R&D budget, Dop now provides financing for a
multi-agency defense conversion effort to bolster economic com-
petitiveness and promote dual-use technologies to ease defense
conversion.

Federal 'trading of industrial R&D is highly concentrated in indus-
tries with defense importance; aircraft and missiles companies and
communications equipment firms received more than three-
fourths of federal R&D support to industry. R&D in these industries
will no doubt be affected by downsizing of defense procurement.

Defense downsizing has affected industry's employment of R&D
scientists and engineers. Preliminary data show that the number
of R&D scientists and engineers declined 6 percent, dropping from
730,000 in 1990 to 684,000 in 1992; in the aircraft and missiles
industry, the number of federally supported R&D scientists and
engineers declined 20 percent.

Reduced defense spending is having a major impact on engineer-
ing employment. Recent government projections show that more
than two out of five engineering defense-related civilian jobs have
been, or will be, lost between 1987 and 1997.

R&D partnerships and university-industry cooperation are
increasing.

In constant dollars, academic R&D financed by industry increased
an estimated 265 percent from 1980 to 1993. Industry's share of
academic R&D funding grew from 3.9 percent to an estimated 7.3

percent.

There was an estimated fourfold increase in the number of univer-
sity-industry research centers (L'IRCs) established in the 1980s
compared to the number established in the 1970s. The more than
1,000 university-industry research centers in existence in 1991
spent an estimated $2.7 billion on R&D in 1990; 72 percent of the
[ARCS were established with the support of federal or state funds.

Industry-university coauthorship of scientific articles is increasing.
In 1991, 35 percent of all industry articles were collaborative
efforts with academic researchers, up from 22 percent a decade
earlier.

Academic patenting continued its rapid growth into 1991: almost
on fourth of all patents awarded to universities since 1969 were

awarded in 1990-91. This increase was especially true in the health
and biomedical-related areas and is one indicator of the potential
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role played by academic R&D in the development of technology and
new products. It may also be an indication of increased interest by
university researchers in the marketplace.

Universities are receiving financial benefits from patenting and
licensing. A recent General Accounting Office study indicated that
many universities expanded their efforts to transfer technology to

industry and to enhance their licensing activities.

Federal labs also are accelerating efforts to help industry make
commercial use of their research. More than 1,500 cooperative
R&D agreements (CRADAs) have been negotiated between federal
labs and industry since 1987, and the number of licensing agree-
ments has more than doubled.

Eleven federal agencies participated in the Small Business
Innovation Research (SBIR) Program in 1991, making awards
totaling $483 million. During the 1983-91 period, more than one-
fifth of these awards were computer-related, and onefifth were for
electronics research. Research in the life sciences and materials
each represented 16 percent of all SBIR awards.

u.s. student performance in science and mathematics at the pre-
college level is still problematic.

Increases in the average mathematics National Assessment of
Educational Progress (NAEP) proficiency scores for 13- and 17-
year-old students between 1978 and 1990 reflect gains among stu-
dents who fall below the 50th percentile. The gains made by these
students may be attributable to the past focus on teaching basic
skills. Little or no progress has been made in raising the proficien-
cy scores of students in the top quartiles.

Research indicates that three-fourths of eventual science, mathe-
matics, or engineering majors in college had different plans as
high school sophomores or changed their minds several times
during their academic careers. This finding suggests that educa-
tors concerned about the development of engineers, mathemati-
cians, and scientists for the future need to look to other fields and
help smooth the transition of students from one major to another.

There are major differences between males and females in their
participation in science and engineering at all levels, but some
improvements are evident.

Although male and female students in the 4th, 8th, and 12th
grades have equivalent mean NAEP scores in mathematics, more

"If we can do a better job of

educating all young people in

science and mathematics, they will

not only grow up with skills that will

help them find jobs, they will be

able to appreciate the importance

of science and engineering and its

role in the quality of life. Starting

early is the best strategy, but we

should not be shy in exploring

every possible mechanism to

reach all people of all ages."

NEAL LANE

Director
National Science Foundation
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12th grade males than females arc reaching the advanced and pro-
ficient levels. The science scores of 13- and 17-year-old male stu-
dents have remained higher than those of female students of the
same age.

Females continue to be underrepresented among the highest scor-
ers on the mathematics section of the Scholastic Aptitude Test
(sAT). While 24 percent of males score at or above 600, only 13 per-
cent of females score that high.

At the undergraduate level, females obtained 45 percent of all
bachelors degrees in the natural sciences in 1991. Their participa-
tion rate in engineering degrees grew from 2 to 16 percent
between 1975 and 1991.

By 1991, more than one-third of graduate S&E students were
female.

Females received half the social science degrees and over a quar-
ter of the natural science degrees at the doctoral level in 1991. This
represents a doubling of female participation rates in these S&E

fields since 1975. However, women received relatively few engi-
neering or math/computer sciences degrees at the doctoral
level-9 and 17 percent, respectively.

In 1991, women comprised 88 percent of all elementary school
teachers and 56 percent of all secondary school teachers. However,
women were less likely to be mathematics and science teachers.

Although women still comprise a very small portion of the engi-
neering workforce, some progress has been made over the past
decade: Between 1983 and 1992, the percentage of women
increased from 5.9 percent to 8.7 percent.

The number of doctoral women scientists and engineers employed
in academia more than doubled from 1979 to 1991, increasing from
16,650 to 35,600; the number active in academic R&D almost
tripled.

Women represented 19 percent of academic researchers in 1991.
Almost half of these were active in the life sciences. Women
accounted for only 3.4 percent of all academic doctoral engineers
in 1991.
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Minorities are still underrepresented in science, mathematics,
and engineering, although some progress has been achieved.

At a time when their numbers are growing, minority students are
underrepresented among students doing well in mathematics and
science and among those who go on to pursue math- and science-
related careers. By 2010, the school-age population is expected to
be more than 40-percent minority.

From 1990 to 1992. NAEP mathematics proficiency scores showed
gains for white students in all grades; the gains for black and His-
panic students were of a smaller magnitude.

Approximately two-thirds of white and black students in high
school have taken geometry or more advanced courses. compared
to just over half of Hispanic students.

The gap between the mathematics scores on the SAT of whites and
Asians, on the one hand, and blacks, Mexican Americans, Lain
Americans, Puerto Ricans, and Native Americans, on the other
hand, is very large. While the overall performance of blacks has
improved, there has been little progress in raising the number of
high-scoring blacks.

Asians have not only outscored all other groups on the mathemat-
ics portion of the SAT from 1987 to 1992, they also appear to be
widening the gap between themselves and all other groups. The
number of Asians scoring 750 or more doubled during the period.

Underrepresented minorities (blacks, Hispanics, and Native Amer-
icans) modestly improved their participation rates in S&E degrees,
rising from 6 percent in 1977 to almost 10 percent in 1991.

Although 31 percent of the Nation's students come from minority
groups, only 11 percent of high school mathematics teachers and
only 4 percent of high school physics teachers are minorities.

Eighth grade white and Asian students and eighth grade students from
high socioeconomic status families were much more likely to be taught

by mathematics teachers who majored in mathematics or mathematics
education than were black, Hispanic. or Native American students.

Undergraduate enrollments in engineering of blacks increased
from 4 to 7 percent during the period 1979-92; concurrently, enroll-
ments of Hispanics rose from 3 to 6 percent.

Underrepresented minorities comprise only about 4.6 percent of
the graduate student population in natural sciences and about 4
percent in engineering.
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"We are acutely sensitive

to the underrepresentation of

both women and minorities in

science and engineering.

Programs addressed to helping

these groups to succeed and move

into leadership roles are important.

It will take time, but in the end

that is the only way I think you

are going to get really fundamental

change, and that Andamental

change is absolutely critical for

our society right now."

JAMES J. DUDERSTADI

Chairman
National Science Board
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numlwr of doctoral degrees obtained by underrepresented
minorities has increased in all s&E fields, especially in the social
and natural sciences. This growth is from a small base, however,
and minority students still represent only a half of 1 percent of all

doctoral degrees.

Since 1979, increases in participation for minorities have been
greater than for whites, but the overall number of black, Hispanic,

and Native American rvsearchers remains low. In 1991, minorities
constituted 5 percent of academic doctoral ME researchers, up from
2 percent in 1979. Their increasing share among researchers is
roughly in line with their growing share r\facademic employment.

Asians are increasingly prominent in academic R& D. They consti-
tuted 10 percent of academic researchers in 1991. up from 4 per-

cent in 1979.

Minorities are underrepresented in the engineering workforce. The
percentage of blacks in the engineering workforce increased from
2.6 percent in 1983 to 4.0 percent in 1992, and the percentage of

Hispanics increased from 2.2 to 3.1 percent over the same period.

Enrollments and degrees in S&E fields are up.

There are indicators of growing interest among freshmen in study-
ing fields of science and engineering. National Merit Scholars
expressed increasing interest in natural science and engineering
majors from 1989 to 1992.

The absolute number of undergraduate degrees in engineering,
math, and computer sciences continued to decline in 1991, but

there was an upturn in natural science degrees in 1991 after a
slow, decade-long decline.

After declining slightly each year from 1982 to 1989, engineering
enrollments have shown small increases since 1990. Women and
minorities have primarily accounted for these increases.

Graduate enrollments in ti&E fields grew steadily at a rate of 2 percent

per year from 1977 to 1991. Much of this growth was due to female

and foreign students: by 1991, more than one-third of graduate s&E

students were women and another quarter were foreign students.

At the doctoral level, engineering degrees grew at a faster rate

than any other field-6 percent annually since 1978, reaching over

5,000 degrees in 1991.
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s&E personnel patterns are changing.

t.!s. industrial firms employed 1.3 million engineers and 667,000
scientists in 1992. Between 1989 and 1992, total industrial S&E
employment increased at an average annual rate of 1.5 percent
considerably below the 3.6-percent rate registered during the pre-
ceding 9-year period.

Current employment patterns for scientists and engineers show
the stress of cutbacks in defense spending, industry downsizing,
,md the global economic slowdown. Although scientists and engi-
neers are less likely to be unemployed than other types of work-,
ers, 1992 unemployment rates are higher than those recorded a
tew years ago. In 1992, the unemployment rate for engineers was

percent: for natural scientists. 2.3 percent: and for mathemati-
cal and computer scientists, 2.6 percent. In comparison, the overall
national unemployment rate was 6.7 percent. Doctoral scientists,
however, have an extremely low unemployment rate-1.5 percent
in 1999.

Organizations that track entry-level hiring of college graduates all
report a reduction in recruiting by employers and in the number of
job offers made to new college graduates in the 1990s. S&L: gradu-
ates still appear to be faring better than those who majored in
other disciplines and continue to command higher starting salaries
than their counterparts in non-S&F. fields.

A nearly two-decade-long trend toward an aging academic
research workforce is starting to reverse. "Young researchers"
(that is, those who earned their doctoral degrees within the prior 7
Nears) comprised only 25 percent of all academic researchers in
1989, but accounted for 31 percent in 1991. The life and computer
sciences have maintained relatively younger researcher pools
throughout the period, while mathematics has apparently "aged"
the most.

studies of the future sE job market conducted by the Bureau of
Labor Statistics yield the following conclusions for 1990-2005.
These projections take defense downsizing into account.

Employment in technical occupations will grow at a faster pace

than overall employment.

Employment in technology-intensive industries will grow at
about the same rate as employment in general.

"I don't think that the

long-term fiiture is bleak at all,

because we are going to survive

by virtue of our scientists and

engineers, our people who have

good heads on their shoulders

and exercise their brains. At the

same time . . . you can't cut your

deficit and also hire more people . . .

I'm sympathetic with the fact

that there are enormous pressures

in the job market."

JOHN GIBBONS
Director

Office of Science and Technology Policy
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Surpluses are more likely to be observed in the S&L.: job market
than shortages, but the latterespecially in specific fields
cannot be ruled out.

u.s. industrial R&D and technology remain competitive in some
areas, but are being challenged by other nations.

Industry is the largest performer of R&D in the United States. The
estimated value of all R&D performed by companies in 1993 was
S109.3 billionor 68 percent of the total national R&D effort.

R&D is highly concentrated in the United States: Eight industries
account for over 80 percent of all industrial R&D performed in the
country. The aircraft and communications equipment industries have
consistently been the largest performers of R&D in the United States.
The u.s. computer/office equipment industryby virtue of higher
rates of R&D performed over the past two decadeshas taken over
third place from the U.S. motor vehicle industry. In 1990, the top
three R&D-performing industries in the United Statesaircraft, com-
munications equipment. and computer/office equipmenttogether
accounted for over 50 percent of all industrial R&D performed.

Since 1973, R&D performance in Japanese manufacturing indus-
tries grew at a higher annual rate than in the United States; since
1980, it grew faster than in all other industrialized countries. The
top three R&D-performing industries in Japancommunications
equipment, motor vehicles, and electrical machineryaccounted
for about 40 percent of the Japanese national industrial R&D total.

Rapid R&D growth in the Japanese computer/office equipment
industry during the 1970s and 1980s has made that industry one of
the country's top five industry performers.

The United States continues to lead all other nations in the produc-
tion of high-tech products. However, its leadership is being chal-
lenged by Japan, whose share of the global market for high-tech
products steadily increased during the eighties and early nineties.

Of the six industries that form the high-tech group, three u.s.
industriesthose producing scientific instruments, drugs and
medicines, and aircraftgained global market share during the
1980s and maintained that market share into the early 1990s.

Demand for high-tech products in the United States was increas-
ingly met by foreign suppliers during the 1980s and into the early
1990s. Import penetration of u.s. high-tech markets was deepest in
the computer/office equipment industry.
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Japan's exports of high-tech products surpassed those of the
United States and Germany in 1983 and continued to lead, by vary-
ing margins, through 1992. Japan led the world in exports of com-
munications equipment, computer/office equipment, electrical
machinery, and scientific instruments in 1992. The United States
was the leading exporter in only one high-tech industryaircraft.

By the mid-1980s, U.s. high-tech exports failed to keep pace with U.S.

imports of high-tech products, producing persistent annual trade
deficits through 1992. Trade in computer/office equipment shows
the greatest deficit among all the u.s. high-tech areas. Nevertheless,
three of the six high-tech areas continue to show trade surpluses
aircraft, pharmaceuticals, and scientific instruments.

u.s. patenting activity has improved, but foreign inventors have
important technical strengths.

The number of u.s. patents granted to Americans has reversed its
decline and has been increasing since 1983. Patent activity by for-
eign inventors in the United States generally followed the U.S.
trend, although the number of foreign-origin patents increased
somewhat faster after 1983.

Americans successfully patent their inventions around the world.
In 1990, countries in which U.S. inventors received more patents
than other foreign inventors included Japan, the United Kingdom,
Canada. Mexico, Brazil, and India.

International patenting in three important technologiesrobot
technology, genetic engineering, and optical fiber technology
underscores the inventive activity of the United States. Japan, and
Europe in these diverse areas. Based on an examination of national
patenting activity in 33 countries during 1980-90, Japan and the
United States led in overall technological activity in these areas.

Foreign patenting activity in the United States is highly concentrat-
ed in a few countries. Inventors from the European Community
and Japan account for 80 percent of all foreign-origin U.S. patents.
Japanese inventors received 22 percent of all U.S. patents in 1991
and 46 percent of the foreign-origin patents in the United States.
Newly industrialized economies, in particular Taiwan and South
Korea, dramatically increased their patenting activity in the United
States during the last half of the 1980s.

"One new idea leads to another,

that to a third, and so on through a

course of time until some one,

with whom none of these was

original, combines all together,

and produces what is justly called a

new invention."

THOMAS JEFFERSON
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Recent patent emphases by foreign inventors in the United States
show widespread international focus on several commercially impor-
tant technologies. Japanese inventors are earning patents in the infor-
mation technologies, as are German inventors. Also, German,
French, and British inventors are showing high activity in biotechnol-
ogy-related patent fields. Inventors from Taiwan and South Korea are
earning an increasing number of U.S. patents in technology fields
related to communications and electronic components.

Americans hold science and medicine in high regard, but do not
consider themselves well-informed about science and technology.

In 1992, approximately 80 percent of America adults believed that
science and technology have increased our standard of living,
enhanced our working conditions, and improved the public health.
Throughout the last decade, at least 70 percent of Americans con-
tinued to express the view that the benefits of scientific research
exceed risks or harms associated with that work.

Compared to citizens in Japan and the European Community, a
larger proportion of Americans expressed a high level of interest in
new medical discoveries. Citizens in all three regions have about
the same high level of interest in new scientific discoveries, the use
of new inventions and technologies, and environmental pollution.

Americans continue to have a high level of interest in science and
technology In 1992. about a third of Americans reported that they
were very i lierested in issues about "new scientific discoveries"

and "the use 9f new inventions and technologies."

In contrast. in 1992, only about 12 percent of Americans thought of
themselves as being very well-informed about issues involving new
scientific discoveries. and 29 percent felt they were very well-
informed about environmental pollution issues.

A higher proportion of European adults than U.S. adults classify

themselves as having a clear understanding of several important
environmental concepts. For example, 44 percent of Europeans
say they have a clear understanding of the hole in the ozone layer,

compared to 30 percent of Americans.

Most Americans depend on television and newspapers as their pri-
mary source of news and information. When looking for more spe-

cialized information, e.g., personal health information, a third of
American adults rely on television.
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About 15 percent of Americans follow science and technology
issues in the news and try to stay up to date on these matters.

Americans show some awareness of the issues of integrity and
fraud in scientific work, but they appear to take a reasonably bal-
anced view of the problem. Additionally, American confidence in
the leadership of the scientific community increased over the last
few years and remains among the highest level for professional
groups in American society.

44+

"Concern for man himself and

his fate must always form the chief

interest of all technical endeavors . . .

Never forget this in the midst of your

diagrams and equations."

ALBERT EINSTEIN
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Chapter 1. Elementary and Secondary Science and Mathematics Education

HIGHLIGHTS

STUDENT .1CHIEVEMENT: NAEP TRENDS

At a time when their numbers are growing,
minority students are underrepresented among
students doing well in mathematics and science
and among those who go on to pursue mathe-
matics- and science-related careers. By the year
2010, the school-age population is expected to be
more than 40 percent minority.

Increases in the average mathematics proficien-
cy scores for 13- and 17-year-old students
between 1978 and 1990 reflect gains among
students who fall below the 50th percentile. The
gains made by these students may be attributable to
the past focus on teaching basic skills. Little or no
progress has been made in raising the proficiency
scores of students in the top quartiles.

Recent trends (1990 to 1992) in mathematics
proficiency scores show gains for white stu-
dents in all grades, while black and Hispanic stu-
dents experienced fewer gains.

Male and female students in the 4th, 8th, and
12th grades have equivalent mean scores in
mathematics. However, more 12th grade males
than females are reaching the advanced and profi-
cient levels. The science scores of 13- and 17-year-old
male students have remained higher than those of
female students of the same age.

COURSETAKING

Approximately two-thirds of white and black
students have taken geometry or more ad-
vanced courses, compared to just over half of
Hispanic students.

Research indicates that three-fourths of eventu-
al science, mathematics, or engineering majors
in college had different plans as high school
sophomores or changed their minds several
tithes during their academic careers. This find-
ing suggests that educators concerned about the
development of engineers, mathematicians, and sci-
entists for the future need to look to other fields and
help smooth the transition of students from one
major to another.

COLLEGE-BOUND STUDENTS: SAT TRENDS

Females continue to be underrepresented among
the highest scorers on the mathematics section
of the Scholastic Aptitude Test (SAT). While 24
percent of males score at or above 600, only 13 per-
cent of females score that high.

44:

The gap between the mathematics scores on the
SAT of whites and Asians, on the one hand, and
black, Mexican Amencans, Latin Americans,
Puerto Ricans, and Native Americans, on the
other hand, is very large. While the overall perfor-
mance of blacks has improved, there is little progress
to report in raising the number of high-scoring blacks.

Asians have not only outscored all other groups
on the mathematics portion of the SAT from
1987 to 1992, they appear to be widening the
gap between themselves and all other groups.
The number of Asians scoring 750 or more doubled
during the period.

INTERNATIONAL COMPARISONS

A longitudinal analysis of students who were test-
ed in the earlier and later grades indicated that
there was no evidence of improvement in the sta-
tus of the U.S. students as they moved from 1st
through 1 lth grade. The researchers concluded
that the achievement gap is real, that it is persistent,
and that it is unlikely to diminish until, among other
things, there are marked changes in the attitudes and
beliefs of U.S. parents and students about education.

TEACHERS AND OTHER RESOURCES

In 1991, women comprised 88 percent of all
elementary school teachers and 56 percent of
all secondary school teachers. However, women
were less likely to be mathematics or science special-
ists in the elementary grades or mathematics and sci-
ence teachers in the secondary grades.

The proportion of minority teachers of math
and science is low relative to the propordon of
minority students. Although 31 percent of the
Nation's students come from minority groups, only
11 percent of high school mathematics teachers and
only 4 percent of high school physics teachers are
minorities.

Eighth grade white and Asian students and
eighth grade students from high socioeconomic
status families were much more likely to be taught
by mathematics teachers who majored in mathemat-
ics or mathematics education than blacks, Hispanics,
or Native Americans.

The use of computers and calculators in the
classroom is on the rise. Between 1985 and 1989
teachers' use of computers with their students more
than doubled, although the number of teachers using
computers for mathematics and science are still in
the minority.
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In a search for an explanation for racial/ethnic
differences in school achievement, some
researchers have pointed to the low level of
peer support for academic excellence among
black and Hispanic students. Researchers contin-

Introduction

Chapter Background
In 1945, the Harvard Committee on the Objectives of a

General Education in a Free Societya committee made
up of some of the most distinguished scientists and edu-
cators in the countryechoed the conventional wisdom
of the time when it recommended excluding half or
more of the young people in the United States from
advanced coursework in science and mathematics. The
committee argued that "little more than half the pupils
enrolled in the ninth grade can derive genuine profit
from substantial instruction in algebra..." (Harvard
Committee 1966).

In the ensuing half-century, attitudes (if not practice)
have changed with regard to science and mathematics
education at the precollegiate level. Today, reformers
call for the popularization of high-level mathematics and
science coursework; this reform movement is fueled by
concerns over our Nation's economic competitiveness,
the quality of our workforce, society's ability to cope with
advanced technology, and the pipeline that produces the
country's scientists and engineers. The calls for more
instruction and higher achievement in mathematics and
science for all students are also part of a larger trend of
expansion and inclusion in u.s. education. Since World
War II, access to public education has dramatically
expanded, and the curriculum has diversified along with
the student population.

Minority students are underrepresented among stu-
dents doing well in mathematics and science and among
those who go on to pursue math- and science-related
careers. Yet the minority student population is growing
dramatically. As of 1992, minorities made up over 30 per-
cent of school-age youth (5 through 17 years). By 2010,
the school-age population is expected to be more than 40
percent minority. After 2005, more blacks than non-
Hispanic whites are projected to be added to the popula-
tion each year. And, after 1995, the Hispanic population
is projected to add more people to the United States
every year than any other group (Day 1992).

Some States have already undergone the kind of rapid
transformation into a diverse society expected for the rest
of the country. In California, Louisiana, Hawaii, Missis-
sippi, New Mexico, and Texas, whites currently repre-
sent less than 50 percent of the school-age population.

It is difficult to predict whether other recent social
trends that have an effect on academic achievement will

t:
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ue to debate the causes of racial/ethnic differences
in school achievement. However, any explanation
must take the multiple and interactive influences of
school, family, language, and community resources
into account.

continue. However, increases in the number of children
who speak a language other than English at home have
already challenged the capacity of many schools to meet
students' educational needs. Between 1980 and 1990 the
number of children who spoke a language other than
English at home grew from 10 to 14 percent of the 5- to
17-year-old population.

Increases in the number of children living in poverty
also present schools with difficult challenges. Children
living in povertyparticularly for an extended number
of yearshave generally performed less well on
achievement tests and other measures of achievement
than have children from more affluent families. Today,
every sixth family with a child under 18 is poor (Doc
1992). There are more poor children in the United
States today (14,341,000) than in any year since 1965
(Children's Defense Fund 1992). Many of those poor
children are concentrated in big cities and rural states.
For example, Detroit, Laredo (Texas), and New
Orleans have child poverty rates above 46 percent.
About one-third of all children in Mississippi and
Louisiana live in poverty. Every other black preschool-
er in the country is poor, and two out of three pre-
schoolers from any background are poor if they live in
a female-headed family.

Raising the mathematics and science achievement of
all groups is an important ingredient in meeting the chal-
lenges of the next century. This chapter on precollegiate
mathematics and science education examines indicators
of progressor lack of progress. Unlike most previous
Science & Engineering Indicators chapters on this topic
(and, indeed, unlike other reports on education indica-
tors), the present chapter focuses on the full distribution
of achievement of all groups. Thus, the chapter explores
trends among low-achieving and high-achieving stu-
dents, not just mean scores.

Chapter Organization
The chapter begins with an examination of trends in

academic achievement over time. It then explores trends
in student persistence in mathematics and science cours-
es, and trends in the academic achievement of college-
bound students. Particular attention is paid to the perfor-
mance of high-achieving students and those most likely
to pursue degrees in science or mathematics. Next, the
chapter includes a brief review of international compar-
isons of academic achievement. Whenever possible, the
distribution of academic achievement is examined and
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the more complex story of how various groups of stu-
dents are doing at all levels of achievement is told.

The chapter next presents data and issues on teachers
and teaching. Included here is a discussion of questions
about the supply, demand, and quality of science and
mathematics teachers. International comparisons high-
light characteristics of teachers and teaching that may
be associated with higher science and mathematics
achievement. An examination of curriculum and instruc-
tion issue> follows, also using international comparisons
to highlight effective practices. The section discusses
the availability and use of resources as well as the dis-
crepancies between common classroom practice and
reform goals.

The chapter continues with an examination of out-of-
school learning in mathematics and science. It then
turns to an examination of the role of new testing instru-
ments in improving precollegiate mathematics and sci-

ence education, and concludes with a brief review of cur-

rent policy initiatives.

Student Achievement
Although tests of mathematics and science achieve-

ment have been criticized for providing an incomplete
picture of students' knowledge and skills (Ncl'm 1989),'
they remain a primary indicator of the state of mathemat-
ics and science education. This section examines results
of the National Assessment of Educational Progress
(NAEP) and re-analyzes trends in the dist,ibution of
achievement.

Several other indicators of student achievement are
addressed in this section as well. The section examines
how student persistence in science and mathematics
courses, and student attitudes toward science and math,
affect achievement. Next, Scholastic Aptitude Test (SAT)
data are used to examine trends for students who intend
to go to college. The section concludes with a discussion
of recent international comparisons of achievement.

Moreov(.r. although test results do suggest some trends in the aca-
demic achievement of various groups of students, they only contribute
a small amount of the information needed to guide improvement in
mathematics and sc;ence education. For further discussion of this
topic. see "Improvements in Assessing Achievement." at the end of this
chapter.

Because NAEP only tests students who are in school at ages 9, 13,
and 17, caution is advised in interpreting the data. By age 17, blacks.
Native Americans. and Hispanics drop out of school at a higher rate
than do whites and Asians. The picture is further clouded by the fact
that large numbers of Hispanic students. especially migrants. drop out
as early as age 13. Also, because it is a "low-stakes" test, older students
[nay not perform as well as they could on the NAEP tests.

The NAEP sample size is too small for a complete analysis of Native
American, Asian. or the various groups within the Hispanic category.
In addition, NAEP does not include much information about socioeco-
nomic status. Despite these limitations. it is probably the best indicator
of the mathematics and science achievement of u.s. students (Koretz
1991) because it uses a carefully selected random sample and is
designed to represent what v.s. students are supposed to know.

NAEP: An Indicator of Student Achievement
NAEP is the Federal Government's primary indicator of

the Nation's educational achievement, and has been
used to monitor student achievement in mathematics,
science, reading, writing, and other subjects for nearly
20 years.' The NAEP tests are "low-stakes" ones: students
are randomly selected for participation in NAEP testing,
and their performance is not individually scored. (See
"Student Motivation and NAEP Achievement.") The
most recent mathematics NAEP was administered in
1992, and its results are reported on later in this section.
The results from the 1990 assessments in mathematics
and science tests allowed NAEP to perform a 17-year
trend analysis in math, and a 20-year trend analysis in
science (kTs 1991b.). 'ale results of these trend analyses
are discussed below.'

Trends in NAEP Mathematics and Science Test
Achievement

Average Proficiency Scores. Average mathematics
proficiency scores (see appendix table 1-9) for 9-year-old
students experienced significant gains since the early
1970s. Scores for 9-year-old students remained stable in
the 1970s and increased significantly (11 points) between
1982 and 1990, Scores for 13-year-olds improved slightly
after 1978 to surpass the 1973 level; scores for 17-year-
olds decreased between 1973 and 1982, and then by 1990,
regained the ground they had lost.

Average proficiency scores in science (see appendix

The mathematics NAEP was first conducted in 1972/73; it was then
conducted every 4 years between 1977/78 and 1989/90. and the most
recent math x,-Wp was administered in 1992. The science NAM', which
began in 1969/70. has followed the same schedule as the mathematics
NAEP since 1982; it was not conducted in 1992.

The 1990 NAEP included a Trial State Assessment Program that
assessed mathematics achievement of eighth grade public school stu-
dents. Thirty-seven States plus the District of Columbia. Guam, and
the u.s. Virgin Islands volunteered to participate in this program. The
1992 mathematics NAEP included a somewhat expanded state assess-
ment component: this tested fourth and eighth grade students in 41
States plus the District of Columbia, Guam. and the V.s. Virgin Islands.

The NAFP achievement scales range from 0 to 500 for both mathe-
matics and science, but the scales are not equivalent. Within each sub-
ject, the scales permit comparison among groups, such as grades or
demographic subgroups. The 1990 mathematics scale was computed
using a weighted composite of proficiency on the five content area sub-
scales: numbers and operations; measurement: geometry: data analy-
sis, statistics, and probability; and algebra and functions (rrS 1991a).
To help interpret the 0-500 point scale. NAEP developed characteriza-
tions of two scalesthe 1990 mathematics scale and the trend scale
using proficiency levels which represent five anchor points on the 300-
point scale (Research. Evaluation. and Dissemination Division 1993).
The discussions in this chapter refer to the trend scale. The anchor
descriptions can be found in appendix table 1-10.

The science scale was computed using a weighted composite of profi-
ciency in the following four content area subscales: life sciences, physi-
cal sciences, earth and space sciences, and nature of science (NcEs
1992e). To help interpret the 0 to 500 point scale for science, NAEP
developed descriptions associated with each level that can be used as
guides to performances typical of students at each level. The descrip-
tions of these anchor points can be found in appendix table 1-12.

c t, 3 5
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Student Motivation and NAEP Achievement

Because the NAEP tests are "low-stakes tests," some
researchers have argued that the results do not yield
an accurate picture of students' academic achieve-
ment. The 1992 NAEP mathematics assessment added
a section of followup questions to try to determine stu-
dent motivation for doing well on the test. (See figure
1-1.) In general, the data collected indicate that the
scores of older students should be viewed with some
caution, but overall the impact of any lack of motiva-
tion of NAEP test scores remains unknown.

Nearly half (45 percent) of grade 12 students and 20
percent of grade 8 students reported that they did not
try as hard on the math NAEP test as they did on other
math tests taken in school that year. In contrast, only 10
percent of grade 4 students reported not trying as hard.
Similarly, 31 percent of grade 12 students and 13 per-
cent of grade 8 students reported that it was not very
important for them to perform well on the test, while
only 4 percent of grade 4 students felt the same way.

Thus, a significant number of older students may not
be motivated to do well on tests like NAEP, and their
scores may reflect this lack of motivation. However,
those 12th grade students who reported that they did
not try as hard on the NAEP math test as they did on
other math tests actually scored an average of 27 points
higher than students who reported that they tried
much harder and 21 points higher than studentb who
reported that they tried harder than on other tests.

Although large numbers of older students reported a
reduced effort, 55 percent of grade 12 students, 79 per-

cent of grade 8 students, and 90 percent of grade 4 stu-
dents reported that they tried at least as hard or harder
on the NAEP math test compared with other math tests
taken in school. Thus, while some students probably
could have tried harder and scored higher, the majority
of students reported making a reasonable effort.

Figure 1-1.
Students' reported effort and motivation on the
NAEP math test

Students reporting
that they tried much harder

Students reporting
that It was very important

to perform well

Grade 12

Grade 8

Grade 4

70 60 50 40 30 20 10 0 10 20 30 40 50 60 70

Percent Percent

NOTE: Students were asked how hard they tried on the NAEP math
test compared to other math tests taken that year in school.
They were also asked how important they telt it was to perform well on
the NAEP math test.

See appendix tables 1-1 and 1-2.
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table 1-9) fell in the 1970s. then began to rise after 1977
for students at ages 9 and 13. By 1990, the average
scores of students in both of these age groups had
returned to their 1970 levels. Scores for students at age
17 continued to drop until 1982a 22-point drop over the
periodthen regained some ground. Their scores in
1990 remained still significantly below the 1970 level (15
points).

Distributions of Average Proficiency Scores.
Although average proficiency scores provide an overall
picture of achievement trends since 1970 for science and
since 1978 for mathematics, examining the trends across
the distribution of students provides more information.

For all three age groups, average mathematics profi-
ciency scores for students below the 50th percentile
increased significantly more than for students above the
50th percentile between 1978 and 1990. For example. at
age 17, the average for students in the 5th percentile
increased by 12 points while the average score for stu-
dents in the 95th percentile remained constant between
1978 and 1990. (See figure 1-2.) The differences for 13-

year-old students are more dramatic. The average score
for students in the 5th percentile increased by 20 points
while the scores for the 95th percentile decreased by 7
points between 1978 and 1990. The differences for the
youngest students are not as large. These trends indi-
cate that the differences between the top and bottom stu-
dents are narrowing somewhat (the difference remains
at 102 points for 13- and 17-year-olds) and that any
increases in the average mathematics proficiency scores
for 13- and 17-year-old students are occurring among stu-
dents who fall below the 50th percentile. The gains made
by these students may be attributable to the past focus
on teaching basic skills.

The distributions in science proficiency scores for age 9
and age 13 students are similar to those in mathematics,
but the trends for 17-year-olds break the pattern. At age
9 and 13, the average score for students in the 5th per-
centile increased 16 and 17 points, respectively. Scores
at the 95th percentile experienced little, if any, change
between 1977 and 1990. The average scores for high
school students (age 17) moved at the same rate across
the distribution: the average score at each percentile

3-6
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Figure 1-2.
Distribution of NAEP test scores: Mathematics
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decreased until 1982, then slowly reached the initial 1977
level by 1990. (See figure 1-3.)

Proficiency Levels. The NAEP trend data also provide
a look at shifts in the percentage of students who reach
each proficiency level. (See appendix tables 1-10 and 1-12
for the mathematics and science proficiency level descfip-

1990 1978 1982 1986 1990 1978 1982 1986 1990

Science & Engineering Indicators - 1993

tions used through 1990.) In mathematics. students at age
17 have shifted slightly from lower to higher levels of
mathematics. Between 1978 and 1990, fewer 17-year-old
students scored only at level 200 where they were devel-
oping an understanding of addi ,n and subtraction; a
greater percentage of students demonstrated proficiency
in the use of decimals, fractions, percents, geometric fig-
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Figure 1 -3.
Distribution of NAEP test scores: Science
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See appendix tables 1-6. 1-7, and 1-8.

ures, and graphs (level 300). However, the percentage of
students who could solve problems in algebra and geome-
try did not change (level 350). In science, no real shifts
occurred. (See appendix table 1-11.)
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Trends in Achievement by Sex
Mathematics Proficiency Scores. The gap between

males and females in mathematics scores at age 17, nar-
rowing since 1973, has disappeared. (See appendix table
1-9.) Scores for both males and females at this age
decreased in the 1970s and returned to the 1973 levels
by 1990. Since 1973, no gap between 9- and 13-year-old
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males and females has existed and scores for both sexes
have increased. Males and females at age 9 had the
greatest gains (approximately 10 points each) and 13-
year-old males gained 6 points. Only 13-year-okl females
made no real improvement over the 1973 scores.

Science Proficiency Scores. In science, the average
proficiency scores for both sexes followed the trends of
the overall population: declines in the 1970s followed by
increases in the 1980s. A: age 13, both males and
females declined in the 1970s, but increased in the
1980s; for both sexes, the 1990 scores were about the
same as in 1970. The gap between the sexes in science
has been maintained since 1970 for 13- and 17-year-old
students: only at age 9 is there no such gap. Although
females have made gains since 1982, these were not suf-
ficient to eliminate the score difference between the
sexes.

Proficiency Levels. Males at age 17 have experi-
enced no shifts from lower to higher levels of achieve-
ment in mathematics, but at age 13, they show a pro-
nounced increase (approximately 10 percentage points)
in the percentage that can use nmltiplication and division
to solve problems (level 250). (See appendix tables 1-1(1
and 1-11.) A larger percentage of females at age 17 can
use fractions and decimals (level 300) than could in
1978, but the proportion that could solve algebra and
geometry problems (level 350) did not change. As with
the males, the percentage of 13-year-old females who can
use multiplication and division to solve problems (level
250) increased by nearly 10 percent.

In science, neither male nor female 17-year-olds expe-
rienced shifts from lower to higher levels of achieve-
ment. (See appendix tables 1-12 and 1-13.) However, a
greater percentage of 13-year-olds of both sexes were
able to apply and interpret general scientific information
(level 250).

Trends in Achievement by Race/Ethnicity
Mathematics Proficie:icy Scores. Trends in mathe-

matics proficiency scores show stability for white stu-
dents and improvement for black and Hispanic students.
Scores for black students have improved significantly
(about 20 points) since 1973 for students at ages 9, 13,
and 17. Younger Hispanic students (age 9 and 13) and
white students (age 9) also experienced gains in their
average mathematics proficiency scores while scores for

the older students remained almost constant.

Science Proficiency Scores. The trends in science
are less positive. Scores for white students declined for
all age groups until 1982, then rebounded for the
younger students (ages 9 and 13). Although scores for
17-year-old white students also increased after 1982,
their scores remained significantly (11 points) below the
1970 level. Scores for black and Hispanic students at age

17 also declined until 1982 but returned to their original
level. Only younger black and Hispanic students (age 9
for both and age 13 for Hispanic) experienced real
growth over the 1970's scores. Although the average
proficiency scores for minority 17-year-old students have
been increasing in mathematics and have returned to the
1970 level in science, the gap between white and minori-
ty students in both subjects remains significant.

Distributions of Average Proficiency Scores.
Each age and racial/ethnic groupexcept 17-year-old
Hispanicshas experienced a narrowing in the gap
between the highest and lowest achieving students in
mathematics. (See figure 1-2.)

The most striking change occurs for black students.
Blacks have large increases in average proficiency over-
all; this increase is especially noticeable among those
students below the 50th percentile. Average scores for
13-year-old black students at the 5th percentile increased
by 32 points since 1978, while scores at the 95th per-
centile showed no noticeable improvement (after
accounting for standard error). For black students at
ages 9 and 17, the differences in gains between the 5th
and 95th percentiles were approximately 11 points each.

Scores for white students of all ages at the 5th per-
centile also grew more rapidly than scores for those at
the 95th percentile. The most noteworthy example of
this is for 13-year-olds, whose scores for the 5th per-
centile increased by 16 points, compared to a 7-point
decrease for students at the 95th percentile.

The scores for Hispanic students varied little at age
17, with more striking gains for the 9- and 13-year-old
age groups. The difference in gains between the 5th and
95th percentile for Hispanic 9-year-olds was 15 points: it
was 19 points for 13-year-olds.

In science, as in mathematics, the most striking
changes were for 13-year-old students. (See figure 1-3.)
For black and Hispanic students, the gains for students
at the 5th and 25th percentiles were the largest (26 and
21 points, respectively, for blacks; and 27 and 20 points,
respectively, for Hispanics), compared to no gains at the
95th percentile and smaller gains (14 and 16 points,
respectively) at the 75th percentile. White students
made large gains at the 5th (18 points) and 25th per-
centiles (12 points)particularly when taking into con-
sideration that there was only a 4-point gain at the 75th
percentile and no real movement at the 95th percentile.
The differences in the gains for top and bottom students
at age 9 were also noteworthy, but the 17-year-old white
and Hispanic students experienced no real change at
any level in the distribution. Black 17-year-olds did not

Although there ;wears to be an 8-point gain for blacks and a 12-
point gain for Hispanics at the 95th percentile, the standard errors are
sufficiently large to prevent reporting these as real gains.
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exhibit this trend: Their scores improved only at the
50th and ; 5th percentiles."

Proficiency Levels. Some shifts from lower to higher
levels of proficiency are apparent when examining the
percentage of students reaching each level of proficien-
cy. (See appendix tables 1-10, 1-11, 1-12, and 1-13.) In
mathematics, 13- and 17-year-old black students have
experienced the largest shifts from accomplishing the
basic mathematics tasks to accomplishing more interme-
diate tasks. The percentage of 13-year-old black students
who can use multiplication and division to solve prob-
lems (level 250) increased from 26 percent in 1978 to 45
percent in 1990, and the number of 17-year-olds who can
do the same increased by 5 percent. In addition, 15 per-
cent more 17-year-old black students demonstrated profi-
ciency in the use of dechnals, fractions, percents, geo-
metric figures, and graphs (level 300) compared to 6 per-
cent more white students. The number of 13-year-old
white and Hispanic students who can use multiplication
and division to solve problems (level 250) increased by
10 and 18 points, respectively.

Reflecting the trends of the overall population, shifts
in science were minimal at age 17. Slightly more black
students were able to apply and interpret general scien-
tific information (level 250); white and Hispanic students
experienced no shifts. The percentages of Hispanic and
black students who have the scientific knowledge to inte-
grate scientific information and draw conclusions (level
350) remained low. At age 13, the shifts to higher levels
of achievement were more pronounced: Each racial/eth-
nic group had a real shift in the percentage of students
who could understand and apply general information
from life and physical sciences (level 250).

Mathematics Achievement in 1992
Proficiency Versus Achievement Levels. The find-

ings from the 1992 mathematics NAEP used some of the
same assessment items as were used in 1990 to allow for
measuring trends; additional assessment items were also
developed to reflect improvements in the methods of
assessing mathematical achievement. Specifically, the
1992 assessment was expanded to include geometric
manipulatives and questions requiring students to
demonstratethrough writing and diagramstheir
mathematical reasoning and problem-solving abilities.
The 1992 definition of proficiency at each anchor level
reflects this change in the assessment. (See appendix
table 1-14.)

Data from the 1992 mathematics NAM' have also been
analyzed in terms of newly established "achievement lev-
els," or standards of student performance (NcEs 1993d).

Although there appear to be large gains at the 5th, 25th, and 95th
percentiles, the standard errors are sufficiently large to prevent report-
ing these as real gains.

The 1992 NAEP was released in April 1993.

The proficiency levels (in appendix table 1-14) describe
what students know and can do; the achievement levels
describe what students should know and should be able
to do (NcEs 1993c). The achievement levels were created
by the National Assessment Governing Board in an
attempt to characterize the student performance needed
to attain basic, proficient ("solid academic achieve-
ment"), or advanced levels at grades 4, 8, and 12 (NcEs
1993d). These levels are defined for each grade level in
appendix tables 1-15, 1-16, and 1-17.

Overview of 1992 Achievement. Overall, average
student proficiency increased at each grade level by 5
points between 1990 and 1992. The proportion of 4th
grade students who performed at or above level 200
(addition, subtraction, and simple problem solving) and
level 250 (multiplication, division, and simple measure-
ment) increased by 5 percentage points; the percentage
of 8th grade students who performed at or above level
300 (fractions, decimals, and percents) increased by 5
percentage points: and the percentage of 12th grade stu-
dents who performed at or above levels 250 and 300
increased by 3 and 5 percentage points, respectively. No
real movement occurred at the more advanced proficien-
cy levels. (See appendix table 1-14.)

In terms of achievement levels, the number of students
who scored below the basic level in 1990 declined by at
least 5 percentage points at each grade. Concurrently,
the percentage of students in 4th and 12th grades who
achieved the basicand in all grades who achieved the
proficient levelincreased. There was no change
between 1990 and 1992 in the proportion of students
who reached the advanced level. (See text table 1-1.)

Achievement by Sex. Mathematics performance by
both male and female students at all grades increased by
.1 to 6 points over the 1990 scores. These increases do
not reflect an increase in the percentage of students
reaching the advanced level. There was no movement in
the percentage of 12th grade male or female students
who reached any of the achievement levels. Eighth
grade females and fourth grade males experienced an
increase in the percent of students reaching the profi-
cient level, and fourth grade males and females experi-
enced an increase in the percent who reached the basic
level. (See figure 1-4.)

A difference by sex for grade 12 does exist, with male
students scoring higher than females. This difference
does not extend to grades 4 or 8. More 12th grade males
than females are reaching the advanced and proficient
levels, but about the same percentages of 4th and 8th
grade males and females are reaching the proficient
level.

Achievement by Race/Ethnicity. The average profi-
ciency scores for white students increased in all grades,
and the percentage of whites reaching or surpassing
basic and proficient levels increased for grades 4 and 8.
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Text table 1-1.
National average mathematics proficiency score and achievement levels, by grade

Gracle

Achievement level'

Average score Advanced Proficient Basic Below basic

Percent

4 1990 213 1 12 41 46
1992 218 2 16 43 39

8 1990 263 2 18 38 42

1992 268 4 21 38 37

12 1990 294 2 11 46 41

1992 299 2 14 48 36

Data are tor the percentage who reached but did not surpass the given level.

See appendix tables 1-15,1-16, and 1-17.

Minorities. on the other hand, experienced fewer gains:
lit fact there was no real difference at all in minorities'
proficiency scores or achievement levels for grades 4
and 8. However, there was a significant increase at grade
12 in average proficiency scores for Hispanic and black
--indents: these increased 7 points each.

Few students from any racial/ethnic group reached
the advanced level of achievement, but larger percent-
ages of Asians and whites reached this level than of stu-
dents in the other racial/ethnic groups. Although Asians
and whites also reached the proficient level in greater
numbers than did the other students, only among eighth
grade Asians did the proportion of ,,tudents scoring at
Mk level rise above one-third. Relatively few (under 10
percent) of the students in the other racial/ethnic
groups reached the proficient achievement level, while
over 50 percent of these students scored below the basic
level. (See appendix tables 1-15,1-16, and 1-17.)

Student Persistence in Math and Science Courses'

several studies have demonstrated a strong correla-
tion between achievement scores and the number and
level of courses taken. This correlation holds particularly
irue tor science and math: The greater the number and
he more advanced level of mathematics and science

I), ip this section are taken from the Longitudinal Study of
\merican Youth tt.s.NN1 and the National Education Longitudinal Study
a I $m. Beginning in fall 1087. t.:4:w has collected data from
approximately :1,000 7th and 3,0(X) 10th grade students regarding their
-.cleric(' and tnathematics attitudes, achievement, and career plans. In
addition to stuthnt achievement tests and attitudinal questionnaires.
attormanon has been collected each year from each student's mathe-
matics and science teachers and from one parent. NELS:88 surveyed
21.500 students in grade 8 and their parents. teachers, and school
administrators. flie students were administered tests of their knowl-
citge ot eighth grade science and mathematics and other subjects. The
,alnpled sub,ects are being tollowed every 2 years through college and
lwvond to learn about their progress in schmil. their aspirations. their
!nolo+. it em. and factors that affect their ability to complete their edu-
ation.
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Figure 1-4.
Average achievement levels on the NAEP
math test: 1992

Grade 4

Grade 8

Grade 12

Male Female

ElBelow basic

MI Basic

0Proficient

0 Advanced

See appendix tables 1-15 to 1-17.
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classes a student takes equateson averageto higher
scores on achievement tests. (See figure 1-5.) However,
data from the NEILS:88 first followup indicate that more
advanced levels of coursetaking in mathematics may not
always correlate to higher achievement levels. (See
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Math Coursetaking and Achievement: New Findings From NELS:88

Findings from the Nus:88 first followup survey indi-
cate that advanced classes will only lead to improved
achievement scores

if students have a strong mathematical background,
or

if students are taking courses appropriate to their
level of proficiency.

More specifically, the data9 show that students who
were not proficient at decimals, fractions, and roots in
the 8th grade were equally likely by the 10th grade to
be proficient on these items and on simple and com-
plex problem solving regardless of whether they took
geometry, algebra II, trigonometry or precalculus.
Additionally, students who took these courses were
five times more likely to be proficient in simple and
complex problem solving than those who took only
algebra I. On the other hand, ;tudents who were
already proficient in simple problem solving in the
eighth grade were significantly more likely to be profi-
cient in advanced problem solving if they took
trigonometry than if they took algebra I, geometry
and/or algebra II. (See figure 1-5.)

Data on coursetaking is based on student reports of their course-
taking patterns. Some students may have misrepresented the cours-
es they have taken due, in part, to changes in schedule, failing the
course, or different course names.

Figure 1-5.
Percentage of 10th grade students who are
proficient at complex problem solving, by 8th
grade proficiency assessment and courses taken

Percentage of 10th graders proficient at complex problem solving

100
8th grade proficiency classification

co Not proficient at decimals. fractions. roots
82.4

80 El Proficient at decimals fracttons. roots

ElProficient at stmple problem solving

64.5

60

40
39.8

31.1
27.6

20

9.7 9.1 8.2

1 7
0

Algebra I only Geometry/a gebra II Trigonometry/
precalculus/

calculus

Highest level of course taken by the lOth grade

SOURCE: National Center for Education Statistics. Changes in Math
Proficiency Between 8th and 10th grades (Washington, DC:
Department of Education. forthcoming).
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"Math Coursetaking and Achievement: New Findings
From NELS:88.")

According to the High School and Beyond Study of
1986,1" mathematics was the subject most sensitive to
school completion and further coursetaking (Secada
1992). And, according to the 1990 High School Transcript
Study conducted by the National Center for Education
Statistics, more students were taking more advanced
courses in 1990 than 'n 1982. (See text table 1-2.)

According to a recent College Board study, geometry,
the "gatekeeper" for college enrollment, was completed
by 93 percent of college-bound seniors (NCES 1992b).
However, of both college- and noncollege-bound seniors,
approximately two-thirds completed a geometry course

'The High School and Beyond Study is a national longitudinal sur-
vey conducted by the National Center for Education Statistics to cap-
ture changes in educational conditions, federal and state programs.
students' school experiences, and future educational and occupational
goals and plans. The study began in 1980 with a total of 58.270 stu-
dents in grades I() and 12: four followup studies (in 1982, 1984, 1986.
and 1992) were subsequently completed. Survey instruments included
student questionnaires with cognitive tests, school administrator and
parent questionnaires, and a teacher commentchecklist.

or above. Data from the 1990 NNEP indicated that, nation-
ally, 67 percent of 17-year-olds had taken geometry or
higher and fewer than 10 percent reported that they had
taken precalculus or calculus (NC Es 1992b). Findings
from the 1990 High School Transcript Study corroborate
these findings.

There is little difference between the percentages of
white and black 17-year-old students who are taking
these more advanced mathematics courses, and signifi-
cantly fewer Hispanic students take the courses.
Approximately two-thirds of white and black students
have taken geometry or higher, compared to just over
half of Hispanic students. However, the average achieve-
ment scores for white students are significantly (over 20

points) above both black and Hispanic students' average
achievement scores. This may be due to the fact that
white students are placed in higher level mathematics
classes while in the middle schools so they have.more
opportunity to develop a strong background in Mathe-
matics. According to Nus:88 data, eighth grade minori-
ty students were placed in lower level mathematics
classes at a rate much higher than their white peers.
For example, black and Hispanic eighth grade students

4 2
1;
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Text table 1-2.
Trends in mathematics coursetaking

Student enrollment

Course 1982 1987 1990

Percent
Algebra I 65 76 77

Algebra II 35 47 49

Geometry 46 61 65

Calculus 5 6 7

SOURCE: National Center for Education Statistics, 1990 High School
Transcript Study, January 1993.
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were nearly twice as likely as white students to be placed
in remedial mathematics classes (NCES 19920.

In science, enrollments in biology increased between
1982 and 1990 by 17 and 19 percent in chemistry. Ninety-
two percent of graduates had taken biology, while 50
percent had taken chemistry. However, only 21 percent
of graduates took physics. (See text table 1-3.) The
coursetaking patterns differ little by sex, but there are
differences by race/ethnicity. Only in physics does the
pattern differ for males and females; a greater proportion
of males than females have taken physics (25 and 18 per-
cent, respectively). Asian graduates have taken chem-
istry and physics at a much higher rate than their coun-
terparts (64 percent of Asians took chemistry, and 38
percent took physics). These were followed by white stu-
dents (52 percent of whom took chemistry, and 23 per-
cent of whom took physics). Approximately 40 percent of
black and Hispanic students have taken chemistry by
graduation, and fewer than 15 percent have taken
physics.

Student Attitudes Toward Math and Science
Student attitudes toward mathematics and science

and their understanding of the relevance of these sub-
jects to their future aspirationsaffect students' enthusi-
asm for studying math and science, and help determine
whether they will continue on to more advanced studies
in these fields. (For a new perspective on this issue, see
"Student SME Intentions Change Over Time.") In addi-
tion, counseling from teachers can determine whether
students will take the more advanced courses.

One explanation of why so few students are taking
advanced courses in science and math may be the low lev-
els of students who think these courses are necessary for
their planned careers. Relatively few students seem to
understand the relationship between advanced math and
science courses and careers in science, engineering, or
the health professions. Data from the Longitudinal Study
of American Youth (LSAY) show that in 1990, 28 percent of
all seniors who were not enrolled in a mathematics or sci-
ence course that semester did not feel that they n4er

Text table 1- .

Trends in science coursetaking

Student enrollment

Course 1982 1987 1990

Percent
Biology 75 88 92
Chemistry 31 45 50
Physics 14 20 21

NOTE: Data represent percentage of 17-year-old students who have
studied these subjects for 1 year or more.

SOURCE: National Center for Education Statistics, 1990 High School
Transcript Study, January 1993.
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advanced mathematics for what they plan to do in the
future. and 39 percent of these seniors said they would
not need advanced science." In addition. approximately 3()
percent of these students were advised by teachers and
counselors that they did not need to take any more mathe-
matics or science.

Even among students who expect to become scien-
tists, the proportion who believe that advanced mathe-
matics or science is necessary to their careers is below
75 percent. Of those 12th grade students who plan to
become scientists, less than two-thirds said they needed
specific advanced mathematics and science courses in
high school. Slightly more students who planned to
become engineers knew they needed the advanced
mathematics and science courses. (See text table 1-4.)

Between 1978 and 1990, student beliefs regarding the
relevance of mathematics and science coursework to their
lives and careers changed only slightly. (See text table
1-5.) The proportion of 17-year-old students indicating that
they would like to take more mathematics classes
remained constant during this period, as did the propor-
tion of 17-year-olds who felt they were good at this sub-
ject. Interestingly, among 13-year-olds, the proportion that
wanted to take more math classes decreased by 7 percent,
while the proportion that felt they were good at math
increased by 6 percent (ETs 1991). The percentage of stu-
dents indicating that they were taking mathematics "only
because I have to" stayed the same for both age groups
from 1978 to 1990. In science, over half of the 17-year-olds
surveyed felt that what they learned in science classes is
useful in everyday life; nearly two-thirds felt that what
they learned in science classes will be useful in the future.
These numbers were constant from 1978 to 1990.

Yet student attitudes toward mathematics and science
are generally positive. The LSAY data indicate that most
students enjoy studying mathematics and science as
much as they do studying English and social studies.
Students at all levels of coursework and achievement

See appendix tables 2-15 and 2-16 for more information on this
point.
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Student SME Intentions Change Over Time

Educators have long assumed that college students
who major in science, mathematics, or engineering
(smE) are made up of a core ot students who became
interested in these fields early on. However, data
drawn from the 1986 third followup of the High School
and Beyond 1980 sophomore cohort suggest that com-
paratively few students stay with their early interests.
(See figure 1-6.) Only 18 percent of the high school
sophomores who said in 1980 that they planned an
SME major remained in SME by 1986. (Students who
were sophomores in 1980 would, presumably, be col-
lege seniors by 1986 if they continued directly from
high school through college.) Thus, 82 percent of SME

Figure 1-6.
Percentage of 1980 high school sophomores who indicated In 1980, 1982, 1984, and 1986
whether they had plans to enter SME as their field of study

majors had different plans as high school sophomores
or changed their minds several times during their aca-
demic careers. Nearly 60 percent of those who eventu-
ally went on to major in SME had no plans to do so
when they were high school sophomores. Indeed,
nearly as many students decided to major in SME after
their sophomore year of college as stayed with a deci-
sion to major in SME as high school sophomores. This
finding suggests that educators concerned about the
development of engineers, mathematicians, and scien-
tists for the future need to look to other fields and help
smooth the transition of students from one major to
another.

1980

High school
sopt-omores

'41111

AkkainsoI/ Plan to
study SME

15.5%

1982

High school
seniors'

1984

College
sophomores

1986

College
seniors

141114,

Yes, choose SME Feld No. does not choose SME field

4
lirdletie4 *

.4.0114P-*-11AJP,r 41. tool" Atto.

V

1Prir
474:4 VP

Don't plan to
114.1titzas4

14, study SME
84.4%

Percent of 1980 high school
sophomores planning to study SME: 13.3%

' Assumes that students continued their education without a gap.

8.9% 6.7%

NOTE: SME = Science, mathematics. or engineering.

SOURCE: T. 8. Hoffer, "Career Choice Models Based on the High School and Beyond," paper presented at the annual meeting of the
American Educational Research Association, April 1993.
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Text table 1-4.
High school seniors who feel they need advanced
mathematics and science courses for a planned
career in science or engineering

Course

Planning a career in

Science Engineering

-- Percent--
Algebra 57 72

Geometry 49 71

Trigonometry 66 74

Calculus 52 78

Biology 59 26

Chemistry 57 58

Physics 63 81

SOURCES: J. D. Miller, et al., Longitudinal Study of American Youth
Codebook (Deka lb. IL: Social Science Research Institute. Northern
Illinois University, 1992): and unpublished tabulations.
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Text table 1-5.
Student attitudes toward mathematics and science

Agree or strongly agree

Statement Age 13 Age 17

Percent--
I would like to take more 1978 50 39

mathematics. 1990 43* 37

I am taking mathematics 1978 29 27

only because I have to. 1990 28 27

I am good at mathematics. 1978 65 54
1990 71* 58

Much of what you learn
in science classes is useful 1977 58 53 Distribution of math SAT scores, by sex: 1992

Chapter 1. Elementary and Secondary Science and Mathematics Education
_ _ _

Trends Among Higher Achieving Students:
SAT Scores

The Scholastic Aptitude Test is taken by many college-
bound seniors: as such, it measures the mathematics
and verbal skills of the Nation's high-achieving students.
The SAT is, however, a rather limited indicator of
achievement. It measures a narrow range of academical-
ly oriented skills, does not test a national sample of stu-
dents, and has been accused of being racially and sexual-
ly biased. Also, it is a multiple choice test; later in this
chapter, the utility of such tests is challenged. (See
"Improvements in Assessing Achievement.") Despite
these concerns, the sAT scores have been shown to be a
good predictor of students' college success. Test scores
are better at predicting academic success at selective
universities than any other criteria (Klitgaard 1984). SAT

results are particularly useful predictors of success
because they allow for examination of the full distribu-
tion of test-takers, as well as by such factors as race, sex,
and socioeconomic status.

Scores by Sex. In 1992, more females than males
took the SAT: however, the mean score for males was 43
points higher than that for females. (See figure 1-7.) In
addition, females are underrepresented among the high-
est scorers. While 24 percent of males scored at or above
600 on the math SAT, only 13 percent of women scored
that high. At first glance, this gap seems inconsistent
with the smaller gaps found in the by-sex comparisons.
In part, this difference may stem from the very nature of
the tests themselves: NAEP identifies trends in academic
progress, while the SAT predicts college performance.

Figure 1-7.

in everyday life. 1990 52* 52

Much of what you learn in
science classes will be 1977 75 65

useful in the future. 1990 72 66

NOTE: statistically significant difference between 1977/78 and 1990.

SOURCE: Educational Testing Service, Trends in Academic Progress
(Washington, DC: National Center for Education Statistics, 1991).
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find mathematics and science courses to be much more
challenging than English or social studies courses. The
NIELS:88 data show that over half (57 percent) of eighth
grade students look forward to mathematics class, and
63 percent look forward to science class. Nearly 90 per-
cent of these eighth graders felt that mathematics is
important to their future, and 70 percent felt that science
is important to their future.

45
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See appendix table 1-18. Science & Engineering Indicators - 1993
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More importantly, NAEP does not ask questions requir-
ing advanced mathematics skills and therefore does not
differentiate among the highest achieving students. The
SAT requires more advanced skills, but is still somewhat
limited in its ability to disaggregate the highest scorers.

Although strong gains were evident in the NAEP math-
ematics scores and the sex gap seems to be closing, the
significant gap among the highest scorers suggests that
much more needs to be done if the full potential of half
of the population is to be tapped.

Scores by Race/Ethnicity. While the gap in the sAT

mathematics scores between males and females is signif-
icant, the gap between whites and Asians on the one
hand, and blacks, Mexican Americans, Latin Americans,
Puerto Ricans, and Native Americans on the other hand,
is very large. A high percentage of Asian students scored
extremely well on the math SAT in 1992. Black test-takers
did not score particularly well as a group, with small
numbers of high scorers and large numbers of low scor-
ers. White test-takers overall scores fell in between
those of Asians and blacks.

Figure 1-8 shows 6-year trends in the distribution of
SAT math scores and changes in the number of test-tak-
ers for each racial/ethnic group. In the case of whites,
there was an overall decline in the number of test-takers

Figure 1-8.
Distribution of SAT math scores, by race/ethnicity
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See appendix tables 1-19 to 1-23.
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and some declines in the proportion scoring between
250 and 450, as well as those scoring between 550 and
650. By contrast, the number of black test-takers
increased, as did the number scoring between 300 and
500. Although the overall performance of blacks has
improved, there has been little progress made toward
raising the number of high-scoring blacks.

Asians not only outscored all other groups on the
mathematics SAT from 1987 through 1992, they are also
widening the gap between themselves and all other
groups. More Asians are taking the test and are scoring
at the highest levels. Indeed, the proportion of Asians
scoring 750 or more almost doubled during the period,
rising from 3 to 5 percent. At the same time, the percent-
age of Asians scoring below 450 dropped from 30 per-
cent in 1987 to 27 percent in 1992.

Mexican Americans, Latin Americans, and Puerto
Ricans all had increases in the number of test-takers.
While all three groups continue to lag behind the nation-
al average. Latin Americans and Mexican Americans
scored better than Puerto Ricans.

The decline in the number of Native Americans taking
the SAT is of particular concern and warrants further
investigation.

In comparing scores among the highest scoring stu-
dents in each racial/ethnic group, certain patterns
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emerge. (See figure 1-9.) Large gaps exist between non-
Asian minorities and whites; another gap is growing
between Asians and all other groups. Given the Nation's
ongoing demographic changes, these gaps among the
highest scorers have important consequences for the
pool of future U.s. scientists and engineers.

The total number of Asians scoring at high levels on
the math sAT has increased dramaticallyAsians have
had a 46-percent increase in the number of students
scoring above 600 on the mathematics SAT since 1987.
By contrast, blacks had a 22-percent increase, and whites
a 16-percent decrease, in the total number of test-takers
scoring above 600. However, the slight increase in the
percentages of blacks and Puerto Ricans scoring at or
above 600 on the math SAT from 1987 to 1992and the
slight decline among whites, Mexican Americans. and
Latin Americanssuggests a lack of progress in increas-
ing the portion of u.s. students likely to be well-prepared
for college-level work in mathematics or the sciences.
Note that the 2-percentage point increase for Native
Americans reflects a decline in the number of test-takers, rather
than an increase in the number who scored at or above 600.

Engineering is a field that often attracts the Nation's
top mathematics and science students. Therefore, stu-
dents who indicate a planned major in engineering are
likely to be top scorers on the mathematics SAT. Among
students indicating that they intended to major in engi-
neering, there were significant gaps in the mean SAT

mathematics scores between whites and Asians, on the

Figure 1-9.
Students who scored 600 or more on the math SAT
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See appendix tables 1-19 to 1-23.
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one hand, and between Native Americans, blacks,
Mexican Americans, Puerto Ricans. and Latin Americans
on the other hand. In addition, the mean score of Asian
students intending to major in engineering increased
more rapidly than that of any other group, moving them
well ahead of whites and further widening the gap
between them and the other racial/ethnic groups.

International Comparisons of Achievement
Elementary- and secondary-age students in many

industrialized Asian and European nations have consis-
tently outperformed their u.s. peers in international
mathematics and science tests. Despite the various data-
related weaknesses that limit these international compar-
isons (Medrich and Griffith 1992), the results suggest
thatat bestu.s. student performance on these tests
has been relatively mediocre. Poor sample quality and
student selectivity alone cannot explain the superior per-
formances lemonstrated by students in some countries
(Bradburn, as cited in Rothman 1992). The consistency
of the international findings, along with the magnitude of
the differences in scores between the highest achieving
countries and the United States, "suggests that there is
an important underlying theme of lagging U.s. perfor-
mance" (Medrich and Griffith 1992).

The 1981 Second International Mathematics Study
(SIMS) and 1984 Second International Science Study
(siss), which measured mathematics achievement
among 13-year-olds and science achievement among 10-
and 14-year-olds, indicated large differences in the mean
scores between the United States and the top-scoring
countries. These studies also measured the mathematics
and science achievement of students in their last year of
secondary school; however, "meaningful comparisons of
achievement are especially difficult for this group"
(McKnight et al. 1989, p. 27) due to the sampling and
selectivity problems that plague cross-national studies of
the achievement of older students. Nevertheless, the rel-
atively low performance of u.s. students was consistent
across subject areas and age groups in both the SIMS and
siss; this was in keeping with the findings of the
International Assessment of Educational Progress
(Lapointe, Askew, and Mead 1992a) that was conducted
among students representing a different set of countries
and age groups.

IAEP 1991 Comparisons. The IAEP examined the
mathematics and science achievement of 9- and 13-year-
olds in 20 different countries.'' However, any useful com-
parison of the achievement of students in these countries
must take into consideration the various factors that may
have contributed to apparent variations in achievement

These countries were Brazil. Canada. China. England, France.
Hungary, Ireland. Israel, Italy, Jordon. Mozambique. Portugal,
Scotland, Slovenia. South Korea, Soviet Union, Spain. Switzerland,
Taiwan. and the United States.
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Text table 1-6.
Percentage of items correct on the International
Assessment of Educational Progress math and
science tests: 1991

9-year-olds 13-year-olds

Country Math Science Math Science

Percent
60 63 62 69Canada

France 64 69

Hungary 68 63 68 73

Ireland 60 57 61 63

Israel 64 61 63 70

Jordon 40 57

Scotland 61 68

Slovenia 56 58 57 70

South Korea 75 68 73 78

Spain 62 62 55 68

Taiwan 68 67 73 76

United States 58 65 55 67

SOURCE: A.E. Lapointe, J.M. Askew, and N. A. Mead. Learning
Mathematics (Princeton: Educational Testing Service, 1992), and
Learning Science (Princeton: Educational Testing ServiCe, 1992).
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levels. These include the methodological limitations of
the samples in some countries, low participation rates in
others, and the differences among the nations in terms
of their wealth and economic developmenta particular-
ly important element, given the strong positive correla-
tion that exists between economic status and academic
achievement (NSF 1992).

Text table 1-6 presents achievement data from only
those countries that were most similar to the United
States in terms of sample definitions and selection, par-
ticipation rates, and economic status. Restricting the
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sample to these countries allows for a more meaningful
analysis of comparative student achievement (NsF 1992).

Although the United States achieved near the levels of
the South Koreans and Taiwanese in science at the 9-
year-old level, they were unable to demonstrate this level
of achievement at the 13-year-old level. As table 1-6 illus-
trates, U.S. students were outperformed by most of their
international peers in both mathematics and science at
the 13-year-old level, and in mathematics at the 9-year-
old level.

Mathematics: Grades 1 and 5. Other, smaller inter-
national studies conducted over the past 10 years have
found similar achievement trends among Asian and u.s.
students." In studies of first and fifth grade students in
Minneapolis, Minnesota; Sendai, Japan; and Taipei,
Taiwan;" U.S. students scored below their Japanese and
Taiwanese peers in mathematics in 1980. 1984, and 1990
(Stevenson, Chen, and Lee 1993). (See figure 1-10.) The
low levels oi achievement in Minneapolis are of,concern.
because Minnesota students rank high among the States
in mathematics achievement and Minnesota has the
highest high school graduation rate in the country.
Figure 1-10 illustrates the distribution of scores on the
math test and includes comparisons between fifth grade
Minneapolis students and students in Taipei (Taiwan),
Sendai fjapan), and Szeged (Hungary).

'nese studies have generally taken specific steps to address the
typical criticisms leveled against cross-national comparisonse.g.,
that tests included items that students have not studied, or that stu-
dent samples were not selected in identical ways across countries
(Stevenson 1993).

These cities were selected as "prototypic metropolitan areas"
because nationwide sampling was not feasible due to financial and
logistic constraints. In each city, the researchers selected a representa-
tive sample of the city's schools.

Figure 1-10.
Mathematics scores for grade 5 students in Minneapolis, Taipei, Sendai, and Szeged: 1990
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Teachers and Teaching

Chapter 1. Elementary and Secondary Science and Mathematics Education

Teacher Characteristics
Although teachers are usually the focus of most dis-

cussions ot school stalling, it is important to remember
that the 2,630,000 u.s. teachers work with 103,000 prin-
cipals, 86,000 guidance counselors, 79,000 librarians
and media personnel, 109.000 other professionals,
108.000 teacher aides, and .198,000 other noninstruc-
tional personnel (wEs 1993b). Without minimizing the
importance of these almost 1.3 million other people who
directly participate in student education, this section
focuses on the characteristics of the teaching force
particularly those of mathematics and science teachers.

Sex and Minority Status. In 1991, 88 percent of all
elementary school teachers were women, as were 56 per-
.ent of all secondary school teachers (NEA 1992). Women
were less likely to be mathematics or science specialists
in the elementary grades or mathematics or science
teachers in the secondary grades. (See figure 1-11.) At
the secondary school level, women were more underrep-
resented among chemistry and physics teachers.

Minorities are also underrepresented among sec-
ondary school science teachers. Only 11 percent of high

4C

Figure 1-11.
Percent female of all teachers of math or science
who teach those subjects as their main or secondary
assignment: 1987-88
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Figure 1-12.
Percent minority for students and teachers
in grades 9-12
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SOURCES: (Teachers) State Departments of Education, Fall 1989;
(Students) NCES. Schools and Staffing Survey, 1990-91. Council of
Chief State School Officers, State Education Assessment Center,
Washington, DC, 1993.
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school math teachers, and only 4 percent of high school
physics teachers, are minorities. (See figure 1-12.)''

Education and Preparation. The combination of
well-prepared teachers, effective curricula, supportive
institutions, and motivated students is essential to
improvement in mathematics ;,nd science achievement
for all students. (See "Teacher Expertise and High
Student Achievement.") Weil-prepared teachers are
those who have been drawn to the profession because of
both commitment and talent, thoroughly trained in both
pedagogy and the disciplines, and continually given
opportunities for intellectual and professional growth.
Unfortunately, this definition of the well-prepared teach-
er is frequently inconsistent with the qualifications and
experience of most U.S. teachers.

About 60 percent of mathematics and science special-
ists at the elementary grades received their bachelors
degrees in elementary education. (See appendix table
1-27.) Although course requirements vary at different
higher education institutions, it is likely that those
receiving degrees in elementary education were

Tor additional information on minority teachers, see appendix
tables 1-24 and 1-25.
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Teacher Expertise and High Student Achievement

Although teachers are key figures in improving
mathematics and science learning, their expertise is
only one of the many elements in the configuration of
school, community, and family resources that affect
student achievement. The by-state comparisons of the
1992 NAEP mathematics assessment illustrate the
point.

Iowa students had the highest average NAEP math
score in the country at grade 8 and the second highest
average score at grade 4. Washington, D.C., students

had the lowest average scores at both grades. Yet a
higher percentage of the fourth and eighth grade
teachers in Washington held advanced degrees and
reported more hours of inservice training than did
Iowa teachers. (Both groups of teachers reported
about the same number of years of experience.) Also,
Washington, D.C., teachers reportedly devotrxi more
time to mathematics instruction per week and
assigned more minutes of mathematics homework per
day than did Iowa teachers.

required to take fewer math and science courses than
those majoring in mathematics or science. Moreover.
the mathematics and verbal sAT scores of college-bound
seniors planning to major in education were significantly
lower than the average scores of all students.'" (See text
table 1-7.)

Data suggest that the science and math( natics prepa-
ration of some middle school teacher , not strong.
Only about 40 percent of grade 7-8 science teachers
received their bachelors degrees in science or science
education, and fewer than 40 per,Tnt of grade 7-8 tnathe-
mates teachers received their degree in either mathe-
matics or mathematics education.

Among secondary school teachers, the percentage
who taught in the field in which they were trained varied
by subject area. (See appendix table 1-27.) While fewer
than 20 percent of earth science teachers held subject
matter degrees in their discipline, about 60 percent of
biology teachers did so. Fewer than 40 percent of chem-
istry, physics, and mathematics teachers held subject
matter degrees in their respective disciplines.

Poor and non-Asian minority students are more likely
than other students to be taught by teachers who majored
in education only or in a subject different from the one
they teach. (See text table 1-8.) Eighth grade white, Asian,
and high socioeconomic status students were much more
likely to be taught math by teachers who majored in math-
ematics or mathematics education than were blacks.
Hispanics, or Native Americans. Additionally, the qualifi-
cations of secondary mathematics and science teachers
may differ depending on the racial composition of a
school. Students attending schools with a high percent-
age of minority students are less likely to be taught by
mathematics and science teachers with a masters

'Although these scores should be considered with caution. it is not
surprising that many of the most well-prepared college-bound students
aspire to other fields. The starting salaries for new teachers remain
significantly lower than those offered in many other fields. (See chap-
ter 3.)

degree, bach-elors degree, or certification in their
assigned field. (See figure 1-13.)

International Comparisons of Teachers
In their studies of educational systems in the United

States, Japan, Taiwan. and China, Stevenson and Stigler
(1992) provide detailed descriptions of how teachers'
pre- and in-service training, instructional practices, and
working conditions differ between countries, and how
these factors may contribute to variations in teacher
effectiveness and student achievement.'

Professional Development. In general, teachers in
the Asian countries surveyed have fewer years of formal

For purposes of this discussion, data from China and Taiwan are
not discussed separately.

Text table 1-7.
Average SAT scores for students planning
an education major

Students planning
an education major All students

Verbal Math Verbal Math

1982 394 419 426 467

1983 394 418 425 468

1984 398 425 426 471

1985 404 432 431 475

1986 NA NA 430 476

1987 408 437 430 476

1988 407 442 428 476

1989 406 440 427 476

1990 406 442 424 476

1991 406 441 422 474

NA = not available

SOURCE: The College Board. College-Bound Seniors: Profile of SAT
and Achievernent Test Takers, annual series (Princeton: Educational
Testing Service, 1982-91).

!SO
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Text table 1-8.
Proportion of eighth graders whose math teachers majored/minored in math: 1988

Teacher

Major in
Student/school characteristic math/math ed.

Minor in
math/math ed.

Major in
education

Other
major

Percent
All students 43.3 27.1 18.2 11.4

Race/ethnicity
White 45.7 27.2 17.7 9.4
Asian 44.1 23.5 15.0 17.5
Black 40.0 26.6 21.5 12.9
Hispanic 33.3 28.5 17.5 20.8
Native American 30.5 23.5 23.4 22.6

Socioeconomic status
Low 38.5 25.9 23.1 12.6
Middle 43.2 27.7 17.7 11.4
High 49.8 26.2 13.2 9.8

SOURCE: Research. Evaluation, and Dissemination Division. Indicators of Science and Mathematics Education 1992, NSF 93-95 (Washington, DC: National
Science Foundation, 1993).

Figure 1-13.
Qualifications of secondary math and science
teachers by school racial/ethnic composition
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education than do their U.S. counterparts. They are more
likely to have majored in the liberal arts than in educa-
tion, and generally have taken more courses in such sub-
stantive areas as mathematics, literature, etc., than have
1..s. teachers, who take many more teaching methodolo-
gy courses. While in the United States formal teacher
training usually ends after a teaching certificate has been
earned, "the real training of Asian teachers occurs in
their on-the-job experience after graduating from col-
lege" (Stevenson and Stigler 1992, p. 159). Asian teach-
ers receive much more extensive support and assistance
from knowledgeable and skilled "master" teachers at
their schools during their first few years in the class-
room than do u.s. teachers, and a high level of interac-
tion and communication among teachers typifies the
experience of Asian teachers throughout their careers.
For example. in Japan. meetings to discuss te ..ning
techniques or to construct plans for specific lessons are
frequently organized by school vice principals and head
teachers; teachers also regularly observe their peers
informally as they teach, offering encouragement as well
as suggestions for improvement (Stevenson and Stigler
1992).

Working Conditions. Teacher schedules, the organi-
zation of the school day, and the physical structure of
schools appear to contribute to the sense of professional
isolation experienced by many u.s. teachers. Although
Japanese and Chinese elementary school teachers have
longer formal workdays, they teach fewer hours than do
their u.s. peers (Stigler and Stevenson 1991). While most
u.s. elementary school teachers prepare lessons and
grade papers at home because their teaching responsi-
bilities tend to prohibit their completing these duties
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during the day, Japanese and Chinese teachers use their
nonteaching hours during the workday to not only grade
papers, but also to prepare and discuss lessons with
other teachers and share materials and techniques with
them (Stevenson and Stigler 1991). Specially designated
teacher rooms at each school, which are equipped with a
desk for each teacher, facilitate Asian teachers' efforts to
communicate with each other, and to provide and
receive assistance as needed. In contrast, the physical
structure of elementary schools in the United States,
which often lack a common work area for teachers, cre-
ates few opportunities for regular teacher exchange
(Sato and McLaughlin 1992).

Other features of the Chinese and Japanese education
systems also help enhance teachers' working conditions.
For example, to help avoid the "burnout" that may result
from teaching the same subjects at the same grade level
at the same school over an extended period of time,
Japanese teachers follow the same group of students for
two or three grades. Also, their teaching assignments
are rotated, from grade to grade and school to school, in
3- to 7-year cycles (Stevenson and Stigler 1992).
Professional advancer: !nt is also handled differently. In
Japan, success as a .ssroom teacher is one of the pri-
mary requirements for advancement to a supervisory or
administrative position; in the United States, coursework
in educational administration is more strongly empha-
sized (Stevenson and Stigler 1992). Thus. U.S. teachers
lack some of the motivation to enhance their teaching
skills that their Asian counterparts enjoy.

Classroom Practices. In an attempt to understand
the relatively poor performance of U.S. first and fifth
graders in mathematics, Stigler and Stevenson (1991)
examined how the subject is taught in classrooms in the
Taipei, Taiwan: Sendai, Japan; Beijing, China: and
Minneapolis and Chicago metropolitan areas. They
observed differences in lesson coherency, classroom
organization, teacher responses to academic diversity,
use of real-world problems and objects, and teacher/stu-
dent roles. Highlights of these findings are detailed
below.

The researchers reported that classes in Japan and
China were more coherent: Lessons had a clear begin-
ning, middle, and conclusion, and instruction was rarely
(less than 10 percent of the time) disrupted by irrelevant
comments by teachers or by outsiders entering the
room for some unrelated purpose. In contrast, in the
United States, such interruptions occurred in 20 percent
of the first grade classrooms, and 47 percent of the fifth

grade classrooms studied (Stigler and Stevenson 1991).
Coherence was also negatively affected by teachers shift-
ing frequently from topic to topic during the course of a
single lesson. Stigler and Stevenson report that "such
changes in topic were responsible for 21 percent of the
changes in segments that we observed in American
classrooms but accounted for only 4 percent of the
changes in segments in the Japanese classrooms"
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(p. 16). Asian teachers tended to introduce new activities
and materials, rather than new topics, as a mean of hold-
ing swdents' attention throughout a lesson (Stigler and
Stevenson 1991).

Asian teachers, who have greater amounts of non-
teaching time during the day, use a portion of this time
to work with individual students who are experiencing
academic difficulties (Stigler and Stevenson 1991).
During their regular classes, they focus instruction on
the whole group without regard to academic differences
and try to meet diverse academic needs by varying
teaching techniques and materials. U.S. teachers, on the
other hand, tend not to view whole-group instruction as
well-suited to addressing diversity; they attempt to meet
diverse student needs through individual instruction in
the classroom (Stigler and Stevenson 1991).

The teaching techniques used in China and Japan are
often recommended by U.S. educators as well. U.S.

teachers do not have the same training and support as
their Asian peers, and lack the time and opportunity pro-
vided to Asian teachers to hone their teaching skills. In
addition, the heavy teaching load of U.S. elementary
teachers further detracts from their ability to implement
a well-planned lesson effectively (Stigler and Stevenson
1992).

Instructional Methods and Teaching Tools
Classroom Activities. Recent studies show that chil-

dren learn from a variety of learning activities, including
drills to strengthen basic skills and other activitics to
develop more complex reasoning capabilities. In recogni-
tion of this, the National Council of Teachers of Mathe-
matics (Ncfm) endorsed a new direction in teaching
mathematics that de-emphasizes drill and practice and
emphasizes goals of conceptual understanding and prob-
lem solving.

In the past, instruction focused almost exclusively on
basic skills, which provided strong results On basic
skills tests but may limit student proficiency in more
advanced skills such as mathematical reasoning
(Knapp, Shields, and Turnbull 1992). A 1992 study
found that students who are exposed to instruction that
emphasizes "meaning and understanding" score better
on standardized tests of advanced academic skills than
students who are in classrooms that emphasize arith-
metic skills. The study also determined that the focus
on meaning and understanding does not hinder profi-
ciency in basic skills but instead facilitates proficiency in
basic skills.

Currently, instruction in mathematics and science
classrooms is moving slowly toward more student dis-
cussion and increased student involvement in the iearn-
ing activities. ETS (1991) reported a significant increase
between 1978 and 1990 in discussion opportunities for
17-year-olds in mathematics classes (51 to 63 percent).
However, the percentage of students who make reports
or do projects on mathematics was very low (5 percent).

52
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Most students (approximately 85 perc(nt) reported that
they spend most of the time listening to the teacher
explain mathematics lessons, watch the teachers work
mathematics problems on the board, and take mathe-
matics tests ( \CES 1992b). Nearly 40 percent of students
in eighth grade spend less than half of their time in
mathematics classes in whole groups, indicating that
these students are working in small groups or alone
(NCES 19920. (See figure 1-14.)

Science activities for elementary students are important
because they stimulate student interest in science and pro-
vide a base for future science learning (Bybee and Landes
1990). Data from 1.21'ti (1991) show that the percentage of 9-
year-old students who do scientific experiments has
remained stable or decreased since 1977, but the percent-
age of students who have used thermometers and micro-
scopes has increased. The proportion who use calculators
remained stable (NCES 19921)). (See text table 1-9.)

At the higher grade levels, students do not participate
in many science activities: the classes consist primarily
of a teacher lecturing. ETS (1991) found that 61 percent
of 8th grade students and 76 percent of 12th graders
reported that their teachers lectured in science class sev-
eral times a week or more. Fewer than half of these stu-
dents reported that they were asked to do the following

Figure 1-14.
Mathematics classroom activities as reported by
1 7-year-olds
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Text table 1-9.
Participation of 9-year-oid students in
science activities

Activity 1977 1990

Percentage of students
Experimented with living plants 70 64'
Experimented with batteries

and bulbs 51 47
Used a thermometer 84 91'
Used a microscope 53 63'

NOTE: = stasticatly signifizant difference between 1977 and 1990.
SOURCE: Educational Testing Service. Trends in Academic Progress
(Washington, DC: National Center for Education Statistics, 1991).
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activities several times a week or more: asked about rea-
sons for experimental results, to write an experiment, or
are asked their opinion on science issues. More students
participated in these activities once a week or less. (See
figure 1-15.)

As part of its curriculum and instruction recommenda-
tions, NCEM suggested that the mathematics curriculum
be updated to include technology such as computers and
calculators in the classroom. NMI recommends that

appropriate calculators be available to all students
at all times,

every classroom have a computer for demonstration
purposes,

every student have access to a computer for individ-
ual and group work,

all students learn to use the computer as a tool for
processing information and performing calculations
to investigate and solve problems. and

students be able to understand when to use the var-
ious technologies for problem-solving (NCES 1992c).

Use of Computers.' The availability and use of com-
puters in the classroom is on the rise. Since the early
1980s. the number of computers in schools has
increased from approximately 50,000 to 2,400.000 in
1989. During this period, the way in which computers
are used in school has changed. In 1983, when few com-
puters were available, schools tried to provide a taste of
computer experience to as many students as possible,
without providing competence for any student. By 1985,
schools had more computers, and teachers were using
them to enhance their students' daily lessons. The com-
puters were seldom used, however, to provide instruc-
tion in conventional school subjects. By 1989, computer

'Me data in this section are from Becker (1991).
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Figure 1-15.
Student reports on instructional approachas used
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laboratories were more common, and elementary school
students were using computers to practice their basic
skills. (See text table 1-10.)

The most current data indicate that students mostly
computers to learn computer-specific skills such as

word processing or database programs. The use of com-
puters is infrequent in mathematics and science classes
compared with their use in computer classes; only 8 per-
cent of mathematics and 5 percent of science class time
was spent using computers. During the 1988/89 school
year, 42 percent of all mathematics teachers and 36 per-
cent of all science teachers said they used computers in

at least one class; however, the computer instruction
tends not to be integrated with subject matter.

ETS (1991) found that 34 percent of fourth grade and
21 percent of eighth grade students have computers
available in their classrooms. An additional 47 percent of
fourth grade and 52 percent of eighth grade students
have computers available in the school, but they are diffi-

cult to access. These data indicate that fourth grade stu-
dents use computers much more frequently than eighth
grade students to solve mathematics problems. Only 12

4. 23

percent of eighth grade students use computers for 30
minutes or more each week to solve mathematics prob-
lems compared to 41 percent of fourth graders. Almost
three-quarters of eighth grade students do not use com-
puters at all to solve mathematics problems in class com-
pared to only 31 percent of fourth graders.

Use of Calculators. Students generally have access
to calculators either at school or at home, yet this does
not translate into increased calculator use in the schools.
Although about half of all fourth and eighth grade stu-
dents have access to school-owned calculators, only 3
percent of fourth graders and 19 percent of eighth
graders are allowed to use these calculators in math
class on a regular basis (NcEs 1992c). Forty-seven per-
cent of fourth graders and 22 percent of eighth graders
have never been asked to use a calculator in math class.
Twelfth grade students tend to use calculators more fre-
quently than 4th and 8th. (See figure 1-16.) Over half (58
percent) of 12th graders said they use calculators at least
several times a week. and 20 percent said they use them
weekly. Nevertheless, only 44 percent of 8th graders and
30 percent of 12th graders were able to distinguish when
to use a scientific calculator on most of the NAEP items
designed for calculator use.

International Comparisons of Instructional
Practices

Asian classes are larger than those in the United
States and involve more direct instruction from teachers.
Yet within this setting, Asian teachers incorporate high
levels of student participation and problem solving. For
example, teachers led students' activities 90 percent of
the time in Taiwan, 74 percent of the time in Japan, and
only 46 percent of the time in the United States: instruc-
tion was self-directed 9 percent of the time in Taiwan, 26
percent of the time in Japan, and 51 percent of the time
in the United States.
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Text table 1-10.
Availability and use of computers in grade 4
and 8 classrooms: 1990

Availabiiity/use Grade 4 Grade 8

Computers available in classroom 34 21

Computers available in school
but difficult to access . 47 52

Use computers 30 minutes or more
each week to solve math problems 41 12

Do not use computers at all to
solve math problems in class 31 73

SOURCE: Educational Testing Service, Trends in Academic Progress
(Washington, DC: National Center for Education Statistics, 1991).
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Figure 1-16.
Pecentage of students reporting using a calculator
several times a week

Percentage of students

100

90

80

Grade 4 Grade 8 Grade 12 -
all students

Grade 12 -
students

taking math

SOURCE: National Center for Education Statistics, The State
of Mathematics Achievement, (Washingtcn, DC: Department
of Education. 1991).
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t .s. students engaged in longer periods of desk work
and practice than did their Asian peers: In nearly half of
the fifth grade classes studied, this work was never eval-
uated or discussed (Stigler and Stevenson 1991). On the
other hand. Asian teachers tended to lead more whole-
class discussions and problem-solving exercises, pose
more provocative and interesting questions, and inter-
sperse the lessons with short periods of desk work that
were evaluated or discussed in nearly all of the class-
rooms (Stigler and Stevenson 1991).

Asian elementary students are frequently required to
discuss and evaluate the ideas and solutions that they
and their classmates propose in mathematics classes,
thus improving their individual understanding of and
interest in mathematics and increasing the class's overall
level of motivation (Stigler and Stevenson 1992). While
there is a great deal of interaction between teachers and
students in mathematics classes in the United States, the
nature of the questions posed and answers given is quite
different (Stigler and Stevenson 1992). Questions gener-
ally elicit very short answers, with an emphasis on "cor-
rectness" rather than on the thought processes involved.
Also, while Chinese and Japanese teachers tended to

4

view student errors as "an index of what still needs to be
learned." U.S. teachers tended to interpret errors as "an
indication of failure in learning the lesson" (Stigler and
Stevenson 1992. p.10).

Teachers' use of real-world problems and objects dif-
fer somewhat in Asian and u.s. classrooms. Although
teachers in each country rely on the manipulation of con-
crete objects to teach mathematics to elementary stu-
dents. teachers in the United States are less likely to use
them (Stigler and Stevenson 1991). Those U.S. teachers
who do use concrete objects tend to use a variety of dif-
ferent types as they teach different conceptse.g., mar-
bles to teach addition, and sticks to teach multiplication.
Asian teachers tend to use the same objects to teach
each topic as they believe that switching representations
may confuse their students (Stigler and Stevenson 1991).

Beyond the Classroom: Students'
Out-of-School Experiences

A student's activities and experiences outside of
school may significantly enhance or hinder his or her
academic success. A review of the research literature
(Adelman et al. 1992) indicates, for example, that a fami-
ly's socioeconomic status, culture, and/or behavioral pat-
terns can all have a significant impact on the school
achievement of its school-age members. In addition to
the family, there are other individuals, organizations.
and institutions that are able to provide specific learning
opportunities, or encourage and provide examples of
intellectually enhancing attitudes and behaviors; the
extent to which an individual is willing, or able, to take
advantage of these opportunities may have far-reaching
and profound effects on his intellectual growth and
development.

Parental Attitudes and Support
In their study of acwiemic achievement among stu-

dents in Minneapolis, Sendai, and Taipei, Stevenson,
Chen, and Lee (1993) administered a test of students'
general informational knowledge that would not normal-
ly have been acquired through regular schooling.
Interestingly, the American students outperformed their
Asian peers in kindergarten and the first grade.
American superiority on the general information test
continued to be evident through the 11th grade,
although there was a narrowing of the achievement gap
(Stevenson, Chen, and Lee 1993). The researchers con-
cluded:

"We attribute the early superiority of the American
children to the greater cognitive stimulation provided
by their parents, who indicated that they read more
frequently to their young children, took them on
more excursions, and accompanied them to more
cultural events than did the Chinese or Japanese par-
ents. As American children grow older, parents
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appear to be less likely to provide the kinds of
enriched out-ol-school experiences that they did
before the childtvn entered the first grade" (p. 55).

A study of the academic achievement of 53(i school-age
children front 200 Indochinese refugee fmnilies living in
tile l'inted States (Caplan, Choy, and Whitmore 1992)
further demonstrines the potential impact of family atti-
tudes and behaviors. Tlw students in grades K-12 who
attended school in low-income metropolitan areas had
remarkably high grade point averages (GPAs): 27 percent
had an overall (i1).\ in the A range, 52 percent in the B
range, 17 percent in tile C range. and 4 percent had a GPA

below a (2 (Caplan, )Jloy, and Whitmore 1992).
The students' mathematics scores were even more

impressive. Nearly half the students had ()PAs equivalent
to an A, while one-third earned a 11. "[he results of stan-
dardized achievement tests showed similar levels of pro-
ficiency in mathematics. When compared nationally to
%students taking the California Achievement Test at
equivalent grade levels, half of the Indochinese students
',cored in the top quartile: 27 percent scored in the top
decile (Caplan. Choy, and Whitmore 1992).

"Ile researchers identified several factors that appeared
to be linlwd to the students high levels of achievement.
One factor was time spent on homework.'" Whereas the
Indochinese students spent an average of just over 3
hours on homework each day in high school, 21/ hours
in junior high, and 2 hours in grade school, their
American iwers studied only 1 / hours each day in both
junior high and high school. In addition to spending
more time on their homework. the Indochinese students
were more inclined to complete their homework with the
assistance of siblings and other family members. Caplan.
Choy, and Whitmore (1992) found that the older siblings
learned as they tutored the younger ones, and the
younger ones "1(artled how to learn," and also developed
positive "skills, habits, attitudes and expectations"; they
suggest that this may help explain the imsitive relation-
ship between family size and (il'A that was observed.

)ther factors that were positively associated with aca-
demic achievement among the Indochinese families
were (1) the presence of parents who read aloud to their
children; (2) a belief in egalitarianism and role-sharing
between male and female family members, and an
absence of a pro-male bias; (3) the perception among
family members that "learning and imparting knowl-
edge" were pleasurable experiences: and (4) a retention

'Flie link between time spent on homework and schmtl achieve-
ment. particularly tor qudents in Minor and senior high school, has
liven widely documented by (ihlicr researchers in thc field CAddinan
41 al. 1902). Nevertheless. all types of homework are not equally hem.-
licial. l'or example. Cooper (19$91 found preparation and practice
homework integrating previous lessons to be more effective than
homework restricted to current-day lesson content in junior and scMor
high mathematics classes. Other studies (Lone and Richards 1989;

\lcDermott. Goldinan. and Varenne 10841 also found evidence that
fannly involvement can increase homework's effectiveness.
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of traditional, Indochinese cultural valuesvalues that
emphasize the importance of education, hard work, per-
severance, and prideby the family (Caplan. Choy, and
Whitmore 1992). The researchers conclude that the
American educational system is still able to educate stu-
dents successfullyevidenced by the achievement of
these refugee childrenas long as it is not expected to
also provide a host of needed social services and become
"parent by proxy.' to its students. They state:

"We firmly believe that for American schools to
succeed, parents and families must become more
committed to the education of their children. They
must instill a respect for education and create within
the home an environment conducive to learning.
They must also participate in the process so that
their children feel comfortable learning and go to
school willing and prepared to study" (p, 42).

For many students (e.g., those who are slower learn-
ers, or those whose socioeconomic status have resulted
in limited exposure to challenging and stimulating infor-
mation and materials at home or school), a supportive
family is only part of what is needed to ensure their aca-
demic success. For them, nonschool hours represent a
valuable opportunity to relearn, catch up. or extend their
learning through enrichment programs that offer tutor-
ing or mentoring services, or subject-specific training
and enrichment (Adelman et al. 1992).

Tutoring and Mentoring
Tutoring programs have been very effective in improv-

ing students' ()PAs. test scores, and overall academic per-
formance. particularly in mathematics (Adelman et al.
1992). Studies also show that these positive outcomes
also occur among groups of low-income, and racial/eth-
nic and language minority students (Herbst and
Sontheimer 1987; Valenzuela-Smith. 1983; Kulik. and
Kulik and Cohen. 1982). School-based tutoring programs
have also been found to improve students' attitudes
towards particular subjects and school in general, and
they enhance the self-esteem and self-confidence of par-
ticipants (Adelman et al. 1992 and Pringle et al. 1993).

Mentoring programs, which may include academic
assistance. counseling, or social and recreational compo-
nents, often focus on developing students' interests in
particular professions or career fields (Adelman et al.
1992). In addition to receiving help with their school-
work, high school participants in mentoring programs
report learning about college life and engaging in career
exploration activities; these experiences appear to moti-
vate and improve participants' attitudes towards educa-
tion (Adelman et al. 1992). These findings suggest that
interest in mathematics and science careers among
junior and senior high school students could be
enhanced through similar efforts by professionals in the
field.
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Extracurricular Activities

Current efforts to encourage mathematics and science
achievement. particularly among females and tninorities.
include several academic enrichment programs that are
held after school or during vacations. Programs such as
the Gifted Nlath Program: the N1athematics.
Engineering, and Science Achievement Program: and
Creating Higher Aspirations and Motivations Program
all seek to sharpen students' mathematics and science
skills and heighten student interest in careers in these
fields. Program activities include academic classes, spe-
cialized workshops, tutoring sessions, academic and
university counseling, field trips, and/or employment
programs.

The importance of maximizing students' out-of-school
academic and nonacademic learning opportunities is
widely recognized internationally. For example. in Japan,
large numbers of low- and high-achieving students
attend "Juku." where enrichment. remedial, and exami-
nation preparation classes are offered (Leest man et al.
1987). Although some uku are viewed as "cram"
schools where high school students prepare for entrance
examinations to prestigious universities, other juku offer
nonacademic enrichment courses in music and the arts
(Leestman et al. 1987).

Many studies suggest that nonacademic enrichment
programs that emphasize overall youth development
have the potential to contribute to the intellectual, social,
physical, and emotional development of elementaty- and
seer), dary-age students (Adelman et al. 1992). In his
study of school-based extracurricular programs in Hong
Kong, Japan, Beijing, Singapore, and Taiwan. Stevenson
(1993) describes the importance attached to such activi-
ties in these countries.

r.:xtracurricular programs are offered during the regu-
lar school day, after school, or on weekends: often the
entire student body is involved in one or more of the
available activities. These activities include arts and
crafts, music, sports, clubs and societies, public service
opportunities, hobbies, and academics (Stevenson 1993).
All activities are supported by school personnel, who
believe that the programs help to stimulate an interest in
learning, foster the development of various physical
skills, promote positive social and cultural values and
attitudes, and provide students with an opportunity to
receive remedial help (Stevenson 1993).

A survey of community-based services for adolescents
between the ages of 10 and 15 in the United Kingdom,
Australia. Germany. Sweden, and Norway (Sherraden
1992), indicates that overall youth development is also of
great importance and concern in Europe. Many nations
use a percentage of educational or other public funds to
support community-based youth development because
they "recognize that formal schooling is not a sufficient
format for individual education. There is too much to
learn and schooling cannot cover all of it" (Sherraden
1992, p. 41).

In the United States, various youth organizations and
school-related extracurricular programs have demon-
strated an ability to meet these important needs
(Adelman et al. 1992). In addition, many students actively
seek to become involved in programs offered by sports
1(.agues, museums, libraries, park and recreation depart-
ments, religious associations, and camping and outdoors
organizations (Carnegie Council on Adolescent
Development 1992).

Unfortunately, many low-income and minority youth in
this country do not have access to the same range of ser-
vices that their more affluent peers enjoy. The communi-
ty-based services on which many rely are often under-
funded and poorly equipped, and access to many national
organizations are often available On a fee-for-service basis
that they cannot afford (Carnegie Council for Adolescent
Development 1992). Based on current anecdotal and sta-
tistical evidence, it appears that improving access to aca-
demic enrichment programs and other types of youth
development opportunities is a worthy investment---an
investment that is likely to enhance student interest in
learning and their ability to achieve in school.

Improvements for the Future:
Assessing Achievement and

Revising Standards

Improvements in Assessing Achievement
"Me United States has relied upon standardized tests

to evaluate learning because, in part. these tests are rela-
tively inexpensive, easy to administer, and efficient in
determining both individual and aggregate scores. The
most commonly used tests include the California Achieve-
ment Test, the Comprehensive Test of Basic Skills, the
Iowa Test of Basic Skills. the Survey of Basic Skills uf
Science Research Associates, the Stanford Achievement
Test, and the Metropolitan Achievement Test.

These tests, however, have met with skepticism and
questions about their validity and comprehensiveness.
Concerns raised about standardized tests include their

emphasis on low-level thinking:

inability to test process or method:

inability to test (lepth of knowledge:

+ inability to capture various levels of thinking (e.g.,
to award partial credit for a correct approach but a
wrong final answer): and

This reliance has grown over the years. "Revenues from sales of
tests used in elementary and secondary schools more than doubled tin
constant dollars) between WWI and 1989. a period during which stu-
dent enrollments grew by only 15 percent" (0IA 1992.
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tendency to lead teachers to "teach to the test" by
emphasizing less advanced forms of learning in the
curriculum.

This latter practice is particularly egregious when
practiced by teachers of minority students. (See
"Standardized Tests and Minority Students.")

According to One recent study ninded by the National
Science Foundation and conducted by the Center for the
Study of Testing, Evaluation, and Educational Policy,
teachers are dissatisfied with the standardized tests.
Over 60 percent of 2,229 mathematics and science teach-
ers in grades 4 through 12 surveyed felt that standard-
ized tests negatively affected student learning. "The
mandated testing caused narrowing and fragmenting of
the curriculum. limited the nature of thinking, or forced
them to rush too much for students to learn well"
(Nladaus et al. 1992. p. 1(i).

The study also found that the content covered by
mathematics and science stamktrdized tests was not
well-balanced (Madaus et al. 1992. p. 16). The math tests
emphasize number systems <md theory. and minimize
probability. algebraic thinking. measurement, and geom-
etry. Similarly, the science tests emphasize life sciences
and minimize physical sciences. 'Hie standardized math-
ematics tests ask questions demanding higher order
thinking skills only 3 to 5 percent of the time (Madaus et
al. 1992. p. 12). Only 8 percent of the standardized sci-
ence test questions ask students to apply procedural
skills toward problems and experiments: most do not
stress application of knowledge.

Recently, there has been a good deal of activity among
some organizations and in some states to design new
assessment instruments. These new assessment tools
are being designed to (1) track progress over time, (2)
show how individuals learn, (3) assess educational pro-
grams, (1) indicate curriculum or teaching changes
needed for improvement, and (5) inform policymakers
about educational progress (Arter and Spandel 1991).
These new tools will have to grapple with many of the
problems discussed above.

Although there are some promising new approaches,
test directors and researchers are concerned about
quick implementation without sufficient investigation of

the new tests' effects. Also, while the intention of the
new assessment tools is to have them closely aligned to
new. more demanding curriculum standards and better
instruction practices. assessments are also expected to
tnotivate students. Nlany are concerned that the same
instruments cannot accomplish so many diverse tasks.
Still, a number of new assessment approaches warrant
continuing development.

Alternative forms of assessment to test students on
higher order thinking skills and concept application
rather than on rote memorization are now being devel-

oped. Some of these are discussed below.
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Constructed Response Items. Constructed r(ssimols('
test items are open-ended qw.stions that ask students to
clerive and explain their answers. 'the format lends itself
to more indepth assessment of higher order thinking, and
it can be readily standardized mid scored with relatively
high validity levels. According to the Office of Technology
Assessment ((Yr:\ 1992). constructed response items can
be beneficial because they

may be more similar to tasks that are !anti liar to stu-
dents:

may better reflect complex. real-world learning situ-
ations: and

evoke answers that minimize student guessing and
random answer selection.

Also, items can be scored so that students can get par-
tial credit fot- partially correct answers. For these rea-
smts. NAIT and some state assessment programs use
constructed response items.

Performance-Based Assessments. This method of
assessment asks students to "create an answer or
product that demonstrates their knowledge or skills"
(oTA 1992. p. 5). They may take the form of any num-
ber of tests that evaluate student performance includ-
ing conducting experiments, answering open-response
questions, computing mathematics equations, present-
ing an oral argument, writing an essay, and creating a
portfolio of work accomplished throughout the school
year. According to the Office of Technology
Assessment (()TA 1992. p. 18), performance-based
assessments generally

allow students to create their own response rather than
to choose between several already created answers:

are criterion-rekrenced. or provide a standard acccird-
ing to which a student's work is evaluated rather
than in comparison with other students:

concentrate on the problem-solving process rather
than on just obtaining the correct answer: and

require that trained! teachers or others carefully
evaluate the assessments and provide consistency
across scorers.

Performance-based assessment has been gaining sup-
port as an alternative or supplement to traditiOnal. stan-
dardized tests. Proponents suggest that performance
tssessments more closely link assessment and instruc-
tion, more accurately measure the mathematic and sci-
entific skills and knowledge advocated by the NCINI stan-
dards, and allow a more complete account of student aca-
demic development. By December 1992, 13 States
reported implementing some sort of performance-based
assessment. while 28 others reported planning or pilot-
ing stages of performance assessments (Pechman and
Laguarda 1993).
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Standardized Tests and Minority Students

Researchers have found that standardized tests are
particularly harmful to minority students. For exam-
ple. Lomax et al. (1992) report:

Minority classes are receiving less quality
histruction in these content at eas in favor of more
instruction to prepare for the mandated test ... In
addition, these standardized tests reflect low level
conceptual knowledge, low level thinking, and a
lack of procedural knowledge in science, with an
over-emphasis on algorithms and formulae in
mathematics. Such tests are driving instruction,
particularly for minority students (p. 15).

Recently released results from the 1992 NAEP mathe-
matics assessments lend support to this position. The
1992 NAEP measured student performance on three
types of questions:

multiple choice questions:

regular constructed response questions, which
require relatively short answers of a few sentences
each; and

extended constructed response questions, which
require deeper thought and more elaborate re-
sponses.

Figure 1-17 suggests that the gap between whites
and blacks and Hispanics is large when responses to
the more challenging types of questions are compared.
For example, at the eighth grade level, whites correctly
answered (50 percent of multiple choice questions. 59
percent of regular constructed response questions. and
1)) percent of extended constrtwted response ques-
tions. Blacks correctly answered 42 percent of multiple
choice questions, 36 percent of regular constructed
response questions. and 2 percent of extended con-
structed response questions.

Rgure 1-17.
Average percentage correct on each type of NAEP
mathematics question: 1992
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(Washington. DC- Government Printing Office. 1993).
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( Inc orm iii pertormance-based ass(ssment is /ninth-
lit) assessment. Students compile iind submit a collection
of work in a specific subject area completed during a
given period of time. Supporters argue that portfolios
incourage students to work to their best abilities and
constantly improve their work. .According to Arter and
spandel (19) 1), portfolios can

provide a more complete picture of student ability
by incorporating measures such as motivation and
persistence:

capture students thought processes:

share with students the basis upon which they are
judged, and thui, align expectations and perfor-
mance with assessment: and

display a chronological developnwnt of student
progress.

However. while the portfolio inediod is useful for
determining aggregate success, it recent study reports a
significant lack of consistency between portfolio scor-
ersa lack great enough to (lraw the method's use into
question as a reliable indicator of individual success
tKoretz et al. 1992). This study suggests a need for bet-
ter training of scorers. Furthernmre. because many scor-
ers are also teachers, the discrepancy in scores may
point to a lack of understanding or consensus of what
scorers should look for as well as of what teachers teach
in the classroont.

Experiments are another useful form of performance-
based assessment. This method of assessment was used
in a recent L11:1' study which evaluated the mathematics
and science skills of over 30,000 students in four coun-
tries and five (..anadian provinc(.s. Students were tested
on procedural tasks which they performed in front of an
obsei-ver. ln science. a majority of the questions asked
students to draw on knowledge concerning the physical
sciences and the nature of science: in math, students
concentrated on measurement and geometry. The
INCE', 1992e. p. (i) researchers discovered the following.

Scores varied widely from task to task, suggesting
that the measures tap a range of skills and knowl-
edge.

Scores on the various tasks varied significantly be-
tween countries/provinces in systematic ways. indi-
cating real differences in performance between the
various populations.

The relative performances of countries and provinces
were generally different frimi those identified by
the written tests covering related curricular areas.
suggesting that this method of assessment let stu-

The United states decided not to particIpate in the prilject until it

could evaluate thu results (a this assessment.
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dents demonstrate their skills in ways that were not
possible with traditional written tests:-

Trends Toward State Frameworks and Higher
Standards for Student Performance

Some educators and policymakers believe that the
skills and knowledge students should attain must be
clearly defined and must emphasize high-level thinking.
As a result, there has been a good deal of recent work to
establish frameworks for curriculum and set high stan-
dards in all curriculum areas. Although there is a good
deal of confusion over what frameworks and standards
are, many support the view of O'Day and Smith (1992):

"A common vision and set of curriculum frame-
works establish the basis in systemic curriculum
reform for aligning all parts of a state instructional
systemcore content, materials, teacher training,
continuing professional development, and assess-
mentto support the goal of delivering a high-quali-
ty curriculum to all children" (p. 25).

In this view. poforma»ce standards describe what stu-
dents should know and be able to do. Curriculum frame-
works outline the content expected to be taught in core
disciplines. Most importantly. all elements of the broadly
defined education system are linked in a common effort
to accomplish common goals.

Several groups have been involved in designing frame-
works for science and mathematics (e.g., Ncrm, the
National Research Council. the National Science Teachers
Association. the American Association for the Advance-
ment of Science's Project 2061), but establishing frame-
works and setting standards is largely a state initiative.2"

According to the Council of Chief State School Officers
(CCSSO), most of the change at the state policy level has
reflected the NcTM standards in math. This process is
still in its initial stages of implementation, with most
States on.y piloting sample groups of schools or stu-
dents. A safe estimation of activity is that approximately

Anotlwr notable finding from the REP study provides insight into
the different strategies students from different countries use to com-
plete tasks. Student approaches ranged from guessing, to estimating,
to calculating precise answers. depending on the strategies taught in
the respective countries. For instance. Taiwanese and Scottish stu-
dents tended to use precision over estimation, while those from
Alberta and saskatchewan showed a preference for estimation over
precision.

IN has been in the forefront of (Ieveloping cuniculum standards
in math, and k frequently used as a strong resource and guideline for
states interested ia developing their own. Developed by professionals

education experts from 1986-88. th._, NCTM project subdivided
grades into three categories, K-4, 5-8. and and developed 13 spe-
cific stateinents about what each group should be able to do for each
subdivision. Common themes throughout the standards include
hands-on activities, access to quality instruction and equipment, coop-
erative work, problem-solving tasks. justification of thought process.
and application of concepts to other areas outside of mathematics
IN( r\1 1989). The National Research Council of the National Academy
of Sciences and the National Academy of Engineering expect to deel-
op science education standards by fall 1994,
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half of the States have developed or are moving toward
curriculum frameworks in mathematics or science. I low-
ever, exact determination is difficult becmise of a differ-
ence in judgment as to what constitutes a new curricu-
lum framework. Lack of cohesive definitions among offi-
cials, policymakers, practitioners, and researchers point
to one problem. Even the words "frameworks** and "stan-
dards" are used "idiosyncratically" (Pechman and
Laguarda 1993).

For instance, according to a 1992 ccsso survey, 21
States currently have curriculum frameworks reflecting
the NCTM standards, and 17 others arc revising their
frameworks to reflect the NCI'M standards. Four States are
developing frameworks to go with NCI'M standards while
six States have no such frameworks. The same study
shows that 30 States have frameworks in science, while 15
are developing them. Ilowever, a 1992-93 study conducted
informally by inter riewing state officials by telephone
determined a much lower level of state activity. This study
found that only 13 States have established curriculum
frameworks in math. and 9 have frameworks in science.
An additional 15 States are devehming curriculum frame-
works in math. and 16 others are (leveloping them in sci-
ence (Pechman and Laguarda 1993). Such discrepancies
point to the complex nature of the change itself. While
changes at the policy level are evident, it is too early to
determine how any national movement toward curricuhim
frarneworks at the state and local level will affect teaching

practices in the classroom and student learning.
If progress on the development of curriculum frame-

works is slow. it is reasonable to assume that the more
ambitious goals of systemic reform will be particularly
challenging. Recent research suggests that policymak-
ers are grappling with some of the complexities of
reform. As Fuhnnan and Massell (1992) report:

"Systemic reform ideas seem to require unprece-
dented efforts to integrate separate policies, new
strategies of policy sequencing, novel processes to
involve the public and professionals in setting stan-
dards, challenges to traditional politics. complex
efforts to balance state leadership with flexibility at
the school site, extraordinary investment in profes-
sional development, and creative approaches to
serving the varied needs of students. "Fo compound
the challenge, states are facing these extremely
demanding issues at a time of severe fiscal difficul-
ty" (p. 24).

Despite these difficulties. there are a number of promis-
ing new strategies and evidence of a growing commitment
to continue the expansion and inclusion of American poft
ular education. Given the complexity of the task, the
Nation's commitment to raising the science and mathe-
matics skills and knowledge of all Americans will surely
be tested!.
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HIGHLIGHTS

INTERNATIONAL COMPARISONS

Asian countries emphasize science and engi-
neering in their education systems more than
do European or North American countries. In
1990, six Asian countries produced more than a half-
million natural science and engineering (Ns&E) bach-
elor degrees, slightly more than the number of NSSLE

degrees produced in Europe and North America
combined. Also. Asia's ratio of NS&E degrees to total
first university degrees is higher than in Europe or
North America.

Compared to other countries, a high percentage
of U.S. students receive a university education.
In 1991. 31 percent of the r.s. college-age cohort
obtained a university degree, a proportion second
only to Canada's.

U.S. HIGHER EDUCATION INSTITUTIONS

Enrollments in higher education doubled between
1967 and 1991. In 1991. 14 million students were
enrolled in 3,600 institutions. The largest rates of
growth in student enrollments occurred in 2-year
community, junior, and technical colleges and in
"comprehensive- schools.

Degrees in higher education reached 1.9 mil-
lion in 1991, of which 500,000 were in sci-
ence and engineering. As in past years, most S&E

degrees were produced by research-intensive and
comprehensive schools at the bachelors and masters
levels, and by research-intensive and doctoral-grant-
ing universities at the doctorate level.

VNDERGRADUATE STUDENTS AND DEGREES

Undergraduate enrollments increased 3 percent
a year between 1986 and 1991. Part of this
increase is due to higher participation rates by older
students. women, and minorities. By 1991, 66 percent
of the 12.4 million students enrolled in undergradt,
ate institutions were women and minorities.

Freshmen interest in S&E majors is increasing.
The percentages of underrepresented minorities
planning to study physics, biology, and engineering
doubled in the last 20 years. National Merit Scholars.
who showed declining interest in the tisszE in the late
eighties, expressed incre sing interest in these
majors between 1989 and 1992.

Engineering enrollments have increased since
1990. This increase is attributable to participation
by women and minorities, whose total enrollment
reached 116,000 in 1991or 31 percent of all under-
graduate engineering enrollment.

Degrees continued to decline in some SSE fields.
Between 1986 and 1991, the absolute number of
degrees in engineering and mathematics/computer sci-
ence fields showed a continual decline. In 1991, how-
ever, there was an upturn in natural science degrees
due to increased participation rates for females.

Women and minorities obtained an increasing
percentage of S&E degrees. Women obtained 45
percent of all bachelors degrees in the natural sci-
ences in 1991. Their participation rate in engineering
degrees grew from 2 to 16 percent between 1975 and
1991. Underrepresented minorities (blacks, His-
panics. and Native Americans) modestly improved
their participation rates in S&E degrees, from 9.5 per-
cent in 1977 to 10.7 percent in 1991.

GRADUATE STUDENTS .AND DEGREES

Graduate student S&E enrollments grew steadily
at a rate of 2 pet-cent per year from 1977-91.
Much of this growth was driven by large increases in
the numbers of women and non-Ls. citizens entering
these programs. By 1991, more than one-third of
graduate S&E students were female and another quar-
ter were foreign citizens.

Masters degrees in the natural sciences ob-
tained by males declined by one-third between
1975 and 1991. This decline, ft orn 12,000 to 8,000
degrees, was somewhat offset by increasing numbers
of degrees to females.

At the doctorate level, the number of engineer-
ing degrees grew at a faster rate than any other
field. Engineering degrees grew 6 percent annually
since 1978, reaching over 5.000 degrees in 1991.

Foreign students continued to increase their
percentage of U.S. doctoral degrees in S&E. In
1991, foreign students obtained over 25 percent of all
natural science degrees, over 40 percent of mathe-
matics/computer science degrees, and over 45 per-
cent of engineering degrees.
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Asian countries depend on U.S. graduate
schools to educate a significant proportion of
their doctoral students. Moreover, more than three
times as many Asian ti&E doctoral recipients planned
to stay and work in the United states as ti&E doctor-
ate-holders from the Americas and Europe.

Introduction
Chapter Background

Iligher education in science and engineering (s&F.) is
an issue of growing importance both nationally and glob-
ally. To highlight key aspects of that issue, the indicators
in this chapter have been grouped into the following
topic areas.

Global education levels. Access to higher education
has implications for the skill levels and technologi-
cal capabilities of a society, and it is useful to com-
pare university degrees across countries in three
world regions that currently dominate global eco-
nomic growth: Asia. Europe, and North America.
Comparisons are made of the participation rates of
college-age cohorts in sN:y. degrees, and of differ-
ences in access to university education for males
and females in selected countries.

characteristics of U.S. institutions that grant degrees
in S&E. niversities and colleges are classified to
show in which types of instituti(ms students obtain
the majority of S&E degrees at different degree lev-
els. Data on undergraduate instruction in science
fields are grouped by type of institution to show dif-
ferences in aspects of S&E education, e.g., the pro-
portion of teaching between full-time faculty and
teaching assistants.

characteristics of the U.S. student population at the
undergraduate and graduate levels. For several
years, there has been national concern over the
declining interest of American students in studying

at the higher education levels. However, recent
data on freshman major choices. enrollments, and
degrees indicate an increasing interest in SM.: edu-
cation. Initial indicators show a turnaround in inter-
est in sm.. on the part of all students, and successful
degree completions in s& E by rising numbers of
women and underrepresented minorities.

Foreign students in U.S. higher education. The Ls.
higher education system plays a significant role in
training the...&E human resource base in other

35

FINANCIAL SUPPORT

By 1991, research assistantships wei 28 per-
cent of the primary support for SST graduate
students. Fueled by growing university research
funding, research assistantships and teaching
assistantships have, over the last 20 years, displaced
fellowships and traineeships as the major graduate
support mechanism.

countries. r.s. academic i»stitutions attract many
highly qualified foreign students who persist ill
advanced study and research and obtain doctoral
degrees in science and engineering. The number of
foreign students in graduate programs has
grown so fast that they now account for almost half
of the doctorates awarded in some s&i.: fields.

Chapter Organization
This chapter is organized into live major parts. The

first begins with a broad picture of international educa-
tion levels to provide a context for t s. higher education
in science and engineering. This discussion makes use
of a new global database on human resources for science
in order to compare bachelors level university degrees in
the natural sciences. social sciences, and engineering.
Degree data in these fields are available for 6 Asian
countries, 22 European countries. and 3 North American
countries.

The second part shifts to the United States. and pro-
vides a brief overview of higher education for all levels
and fields of study. It addresses indicators related to the
characteristics of Ls. academic institutions, including
the different types of institutions that award s&F. degrees
at various levels. New data are included on the hours of
instruction undergraduates receive from full-time faculty
versus teaching assistants in selected science fields at
different types of institutions.

The next part focuses on indicators of undergraduate
S&E enrollment and degrees, providing more &aggrega-
tion in fields of science in Ls. higher education than was
possible for the international education discussion. For
the first time in the Science Engineering Indicators
series, the chapter includes data on associate degrees in
smk and in engineering technology: it also presents infor-

mation on technical education in Japan and Germany.
The fourth part of the chapter describes the graduate

S&E student population by sex and race/ethnicity as well
as citizenship, and provides new data on the stay rates of
foreign doctoral recipients by country of origin.

The final part of the chapter provides information on
major sources of financial support. Although data on
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undergraduate students are limited, data on graduate
students in science and engineering are more exten-
sive, covering the primary source and mechanism of
support in various SM.-, fields for LS. citizens and for-
eign students.

International Comparisons
First University Degrees'

The following discussion compares acce,:s to higher
education in general and to the study of scit..,.:e and
engineering in particular within three regionsNorth
America. Europe, and Asia. The North American region
includes Canada, the United States, and Mexico. The
European region includes 22 countries for which data
were available. (See appendix table 2-1.) The Asian
region includes only six countriesChina, India, Japan,
Singapore, South Korea. and Taiwanbut these six rep-
resent 77 percent of Asia's. and 44 percent of the world's.
population.

Asia. The six Asian countries annually produce more
than 0.5 million natural science and engineering (NS&E)
first university degree'sslightly more than the number
of NS&E degrees produced in Europe and North America
combined.2 (See text table 2-1.)

The percentage of the college-age cohorti.e., of 22-
year-oldswho obtain a higher education degree varies
widely among Asian countries by level of economic
development. For example, only about 1 percent of
China's 127 million 22-year-olds receives a university
degree: this is the lowest participation rate in university
education of all the countries listed in figure 2-1. On the
other hand, 22 percent of Japan's 9 million 22-year-olds
receive a university degreea participation rate some-
what approaching that of the United States (31 percent).
For the Asia region as a whole, only about 4 percent of
the college-age cohort receives a university degree, com-
pared to 11 percent in Europe and 24 percent in North
America.

Although only about 1 percent of the 220 million 22-
year-okls in Asian countries receive NS&E degrees (com-
pared to :3 percent in Europe and 4 percent in North
Americasee appendix table 2-1). the ratio of NSE
degrees to total first university degrees is higher in Asia
than in the other two regions. Within Nti&E, there are
significant variations by country. In China, 37 percent of
all first university degrees are in engineering, while
India only awards 4 percent of these degrees in this
field and 20 percent in the natural sciences. Japan

'Data in this section are primarily taken from Science Resources
Studies Division. National Science Foundation. Global Database on
I human Resources for Science and Engineering.

'Note that in these international comparisons, the natural sciences
include the mathematical and computer sciences as well as the biologi-
cal and agricultural, environmental, and physical sciences.

r;

Text table 2-1.
First university degrees in S&E, by region: 1990

Field Asia Europe
North

America

All first university
degrees 1,673,901 813,650 1.356,618

Natural sciences . . . 252,767 124,000 128,483
Social sciences . . 95,071 104,205 201,210
Engineering 261,410 134,813 118,704

See appendix table 2-1 Science el Engineering Indicators - 1993

awards 20 percent of its first university degrees in engi-
neering, and 6 percent in the natural sciences. (See fig-
ure 2-2.)

Europe. Like Asia. the Central European countries
until recentlyhad very high ratios of NS&E degrees to
total first university degrees. When those economies
were under Soviet influence, science and engineering in
higher education was emphasized as a way to build the
communist state. Before its collapse, the Soviet Union
had the highest ratio in the world of 22-year-olds with
NS&E degrees-9 percent.' As countries such as Poland
and Hungary continue to evolve toward more open
economies, their universities are providing more oppor-
tunities to study non-S&E fields: Consequently, their
ratios of NMI', degrees to total first university degrees
are declining.

Among Western European countries, Germany has
the highest percentage of college-age population with
NS&E degrees-5 percent if Fachhochschulen (4-year
degrees) are included, and 3.5 percent if only 5-year uni-
versity degrees are considered. Spain has the highest
university participation rate in all of Europe-19 percent
of its college-age cohort. Spain's University Reform Law
in 1983 and subsequent curriculum reforms increased
university graduates in science and engineering
(Education Newsletter 1992). Between 1975 and 1990,
NS&E degrees in Spain increased from 1 to 3 percent of
the college-age cohort.

North America. In the North American region,
Mexico has the highest ratio of NS&E degrees to total
degrees: 25 percent of all first university degrees in
Mexican universities are awarded in engineering. In con-
trast, only 6 percent of all first university degrees in
Canada and 7 percent in the United States are in engi-
neering. However, Mexico's university system is, like
that of European countries, very elite. Just 8 percent of
the college-age cohort obtains a university degree.
Participation rates in university education are four times
higher in Canada and the United States than in Mexico.

'Many of these were in engineering technology.
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Figure 2-1
Percentage of 22-year-olds with first university
degrees in natural sciences and engineering,
by country: 1990

Percent

35

30 I.

20

Is

10

o L

El Ail Other fields

Nature: sciences & engineering

E

r

4) N.'?"6 6; 2- & co it- ,i,.1- c a 8,7:r <-4, q ,6 6 ,2r, ,b--63,2-.6' 6 t9 g *9 4 ?'' C' 4q0 C° * '1. CVC) .s ,:b ,,,,`t' \O q> c.).k. C." 6

eSq. '

N.erbco
\-- ec4

NOTE. Belgium data are for 1988: data for Aloania. Czechoslovakia.
and Portugal are for 1989. and data for Austria. Finland, Greece.
Sweden. the United Kingdom, and the United States are for 1991

See appendix table 2-1 Science& Engineering Indicators - 1993

Participation Rates in NS&E Degrees by Sex
Access to Ns&I.: degrees differs among countries and

regions, but it varies still more by sex of students. (See
text table 2-2.) In all countries for which NS&E degree
data are available by sex of recipient. males receive the
overwhelming majority of such awards. Japan has the
highest proportion of male college-age students who

37

obtain a first university degree in \sm.. (11 percent), but
the lowest proportion of females (fewer than 1 percent).
Among the countries studied, South Korean females
have the highest participation rate in Nti&E degrees.'
European women have a slightly higher participation
rate in Nti&I.: degrees than do women in other Asian
countries and in the Lnited States.

In terms of all first university degree awards. South
Korean women have the highest participation rate (13

aeicss lii &I clovret-t does not yot translatv into a high pro..
portion ()I telltales in the Korean I workforce. however (Jamison
P.1921.

Figure 2-2.
Science and engineering degrees as a
proportion of all first university degrees,
by country: 1990
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i,ercent of any Asian. European. or North .1nwrican
ountry exc(pt the United States (30.5 percent). By

current world standa.-dslaparese and Taiwanese
-A omen are also highly educated, and are more likely to
receive a university education than females in Erance.
(,ermany, or the United kingdom. (See appendix table

Characteristics of Higher
Education Institutions

[here are 3.611 (1.566 public and 2,015 private) insti-
tutions of higher education in the United States (HEP
1993). In 11/91. these institutions enrolled 14 million
stuck nts and awarded almost 2 million (legrees. a quar-
hI iii which wcre i i. (Sec figure 2-3.) The Carnegie
Foundation for the Advancement of .Feaching has clas-
-flied those institutions into 10 categories based on the

ol their baccalaureate and graduate degree pro-
gram,. 110. amount of research funding they receive.
ind-im- liberal arts schools --their selectivity of stu-
dent,. First intronuced in th70, and pei iodically
revised since, the classification scheme helps identify
those ,ehools that make the most significant contribu-
t ion, hi ,&f. education in the United States. See
"t. Iassification of Academic Institutions- for a brief
description of t he Carnegie categories used in this
chapter.

The number of students enrolled in institutions of
educzition doubled between 1967 and 1991. rising

from almost 7 million to 14 million. By type of institution,
the largest rafts of growth ill student enrollments
n'eurn-d in two categories: 2-year community, junior.

and technical colleges: and comprehensive schools.
Enollment at these institutions grew at annual rates of 6
111d 3 percent. respectively. (See figure 2-1.) In contrast,

enrollment at liberal arts schools and research universi-
ties increased about 1 percent annually for the last 23
ear,. (See appendix table 2-4.)

Institutions With S&E Programs
tifferent categories of academic institutions predomi-

nate ut each degree level. This section highlights the
dominant Carnegie classes awarding associate, bache-
lors, masters. and doctoral degrees in science and engi-
neering.

rhe Japanese Imperial (myernment restricted higher education at
Ow major inn( ersities in Korea during its 1903.15 occupation. but
allmsed missionaries to educate women. thereby contributing to the
high iiiul ot telltale university graduates ill kw ea.

1 he t. arilegie classification is not an assessment gold,, nor arc the
Inchon. between chissilication sublevels te.g., research I and

it search Itt based on institutions' educational quality. lAberal arts I
-t hoots exercise inore selectivity regarding students than do hberal
ails II institutions. hut in general the Carnegie categories are a typolo-

. not a rank ordering.

Text table 2-2.
First university degrees in NS&E, by sex
and country

Country Males Females

--Percentage of college-age population
France 5.2 1.9

Germany 8.5 1.5

Japan. .. . 10.8 0.9
Poland 3.9 1.9

South Korea 9.5 2.1

Swsden 4.8 1.9

Taiwan 6.7 1.5

United Kingdom 4.6 1.8

United States 7.4 1.4

See appendix table 2-3. Science & Engineering Indicators - 1993

Associate Degree Level. About 1,300 2-year institu-
tions produce the overwhelming majority of associate
degrees; which represent a full quarter (484.800) of all
degrees awarded in t'.s. higher education. Only a small
percentage of these degrees, however, are in science or
engineering. In 1991, fewer than 4 percent of associate
degrees (or 19,352) were awarded in sm.: fields, an(1 9
percent (45,0(X)) were awarded in engineering technolo-
gy. These institutions thus account for only 1 percent of
the 1.9 million S&E degrees in higher education. They
do, however, account for 10 percent of the 64.586 engi-
neering technology degrees in higher education. (See
figure 2-3 and discussion on "Associate Degrees in S&L"
later in this chapter.)

Bachelors Degree Level. There are 1.1(8 institu-
tions that granted 356,000 degrees in sm:. fields in 1991.
(See text table 2-3.) Over 75 percent of all institutions
with sm:, baccalaureate programs are either comprehen-
sive or liberal arts institutions. (See appendix tables 2-5
and 2-6.) However, the largest proportions of baccalaure-
ates in s&r, fields continue to be awarded by research
and comprehensive schools. (See figure 2-5.) In 1991,
they awarded 38 and 34 percent. respectively, of the year's
s&r. degrees. Liberal arts schools granted 10 percent of
all s&f.: degrees that year. (See appendix table 2-5.)

Viewed in terms of S&F, productivity, the relative signif-
icance of these three types of institutions changes some-
what. (See appendix table 2-5.) In 1991,

sm.: degrees accounted for almost 48 percent of the
degrees awarded by liberal arts I schools. The
degree awards were mainly in the social sciences.

s&E &greys represented 44 percent of the degrees
awarded by research I institutions: these were
mainly in the natural sciences and engineering.

Associate th-grees an- kranted for prViYalTalatin'alC 2- to :1-year pro-

grams ot study at the junior and conmninity college level.
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Figure 2-3.
U.S. higher education in 1991: Students, institutions, and degrees

Where are they enrolled?

1,374,101 In 107 doctoral I & II Institutions

3,793,207 in 592 comprehensive I & II institutions

14 million
students

enrolled
in 3,600

institutions... 5,591,000 in 1,505 2-year institutions

How many degrees do they obtain?

...earn 1.9 million
degrees...

234,988

580,823

124,395

484.797

...of which 500,000 are in S&E:
23,979 doctorates
78,368 masters degrees
337,675 bachelors degrees
19,352 associates degrees

38,239
19,867

7,534

' 60.591

692,475
in 554

liberal
arts I & II

institutions

439,061 in 335
specialized

institutions

NOTES. There were an additional 232.026 students enrolled in 71 "other institutions S&E = science and engineering.

See appendix tables 2-3. 2-4. 2-5. 2-6. and 2-17
Science & Engineering Indicators 1993

S&E degrees accounted for over 24 percent of the
degrees awarded by comprehensive I schools;
these were split between the natural sciences/engi-
neering and the social sciences.

Masters Degree Level. As at the bachelors level,
comprehensive institutions make up the largest propor-
tion of the 738 institutions with ME programs at the
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masters level. (See figure 2-6.) However. S&E Masters
degree production is most highly concentrated in
research universities: Almost 50 percent of the 79,500
SU, masters degrees in 1991 were awarded by this insti-
tution type. Compivhensive schools, on the other hand,
produce only a quarter of all S&E masters degrees. (See
text table 2-3.)
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Classification of Academic Institutions

Following are brief descriptions of the Carnegie cat-
egories used in this chapter (Carnegie 1987).

Research 1: These institutions offer a full range of
baccalaureate programs, are committed to graduate edu-
cation through the doctorate degree, and give high prior-
ity to research. They receive at least $33.5 million annual-
ly in federal support and award at least 50 Ph.D. degrees.

Research 11: Same as research I. except that they
receive between $12.5 and $33.5 million annually in
federal support and award at least 50 Ph.D. degrees.

Doctorate-granting I: In addition to offering a full
range of baccalaureate programs, the mission of these
institutions includes a commitment to graduate educa-
tion through the doctoral degree. They award 40 or
more Ph.D. degrees annually in at least five academic
disciplines.

Doctorate-granting Same as doctorate-granting
I. except that they award 20 or more Ph.D. degrees
annually in at least one discipline or 10 or more Ph.D.
degrees in at least three disciplines.

Comprehensive 1: These institutions offer bac-
calaureate programs and, with few exceptions, gradu-
ate education through the masters degree. More than
half of their baccalaureate degrees are awarded in two
or more occupational or professional disciplines such
as engineering or business administration. All of the
institutions in this group enroll at least 2,500 students.

Comprehensive II: Same as comprehensive I.
except that they may also offer graduate education

through the masters degree. All of the institutions in
this group enroll between 1,500 and 2,500 students.

Liberal arts 1: These highly selective institutions
are primarily undergraduate colleges that award more
than half of their baccalaureate degrees in arts and sci-
ence fields.

Liberal arts II: These institutions are primarily
undergraduate colleges that awa, d more than half
their degrees in liberal arts fields. This category
includes a group of colleges that award fewer than half
their degrees in liberal arts fields, butwith fewer
than 1,500 studentsare too small to be considered
comprehensive.

Two-year community, junior, and technical col-
leges: These institutions offer certificate or degree
programs through the associate degree level and, with
few exceptions. offer no baccalaureate degrees.

Professional schools and other specialized
institutions: These institutions offer degrees ranging
from the bachelors to the doctorate. At least half of the
degrees awarded by these institutions are in a single
specialized field. These institutions include theological
seminaries, bible colleges, and other institutions offer-
ing degrees in religion; medical schools and centers;
other separate health profession schools; law schools;
engineering and technology schools; business and
management schools; schools of art, music, and
design; teachers colleges, and corporate-sponsored
institutions.

Text table 2-3.
S&E bachelors and masters degree awards,
by institution type: 1991

Carnegie
category'

Bachelors degrees Masters degrees__
DegreesInstitutions Degrees Institutions

Total 1 448 337,675 738 78,368

Research 101 132,108 101 38.573

Doctoral. . . . 102 49.371 105 14,679

Comprehensive. . 586 112,195 368 19,810

Liberal arts . . . . 527 36,231 72 1,624

Two-year . . 20 515 0 0

Specialized 94 4,866 69 2.182

Other 15 0 22 1,476

'Combines categories I ana II.

See appendix tables 2-5 and 2-6.
Science & Engineering Indicators - 1993

Doctoral Degree Level. At( the doctoral level. degree
production is highly concentyted: 150 research I,
research II. and doctorate-granting 1 universities pro-
duce nearly 90 percent of all s&m . doctorates, and receive
90 percent of all academic R&D funding tPresident's
Council of Advisors on Science and Technology 1992).
Collectively, these universities are three times the size
they were 30 years ago in terms of enrollment and
degree production and number of faculty and research
staff. Due to research budget constraints, however,
these research-intensive institutions are not expected to
grow as they did in the 1960s and again in the 1980s. It
has thus been postulated that only a very small fraction
of current and future doctoral recipients in science and
engineering can aspire to careers in academic research
and teaching in research universities (Goodstein 1993).

Undergraduate Instruction by Type of Faculty
National concern over the quality of undergraduate

education in science. mathematics. and engineering. and
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Figure 2-4
U.S. enrollment in higher education

12 H

Specialized
.

Two-year

Comprehensive I & II

&II

1967 1971 1975 1979 1983 1987 1991

See appendix table 2-4. Science & Engineering Indicators - 1993

the relative priorities assigned to research and teaching,
has been widely noted and discussed. The specific issue
is whether professors have advanced their field of spe-
cialization through research while entrusting their teach-
ing duties to other faculty. Initial data that can shed
some light on this issue are currently available for three
fieldsphysics, geology, and sociology." Full-time facul-
ty in these disciplines account for 79 percent or more of

the instructional contac.1 hours with undergraduates:
teaching assistants have 12 percent or less of instruction-
al contact hours. "Hie balance of instruction was provided
by part-time and adjunct faculty. Text table 2-4 shows the
percentage of instruction by full-time faculty in these
fields across all institutions.

When instructional hours are examined by institution
type, it can be seen that undergraduates at research-
intensive universities (research I and II) receive a much
larger percentage of their instruction from teaching
assistants. (See figure 2-7.)

Teaching assistantships (FAs) account for about 21
percent of the primaty support of S E graduate students

ci lor example, siinnit Xi It and Brown I 19921:
.1 coniprelleni,ive national ....survey iii univeNity faculty will be com-

pletd by 1995 to provide data on taco lty characteristics and time spent
in research and leaching t li&1ltic field. Currently available data arc
wont the National :-,cience Foundation's Higher Education Surveys.
which gather national information on undergraduate curricula front 2-
and I-year colleges and universities. "Fhe three lields for which surveys
have been completed as ol this writing are geolog!... physics, and soci-

ology Nis 1992d. 1992c, and 19V2fl. Departments in these fields sped.
lied the hours ot inukrgraduate instruction provided by protessors and

teaching assistants tor lectures. laboratory work, and discussion
roups.

Figure 2-5.
Bachelors degrees awarded, by institution type: 1991

Comprehensive I &
N = 458,977

Research I & II
N = 315,914

Doctoral I & II
N = 165,484

1%

Liberal arts I & II
N = 113,097

Specialized
N = 42,629

ni Other

Engineering

Social
" sciences
El Natural

sciences

NOTE: The natural sciences r 'dude math/computer sciences

See appendix table 2-5. Science & Engineering Indicators - 1993
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Figure 2-6.
Masters degrees awarded, by institution type: 1991

Research I &II
N = 121,318

Comprehensive 1 & 11
N = 121,146

Doctoral 1 & II
N = 62,610

5% 1%

Specialized
N = 17,962

Liberal arts 1 & II
N = 11.203

0 Other

Engineering

ni Social
1---1 sciences

n Natural
sciences

NOTE: The natural sciences include math/computer sciences.

See appendix table 2-5 Science & Engineering Indicators 1993

(sRS 1993a). (See appendix table 2-32.) In 1991. about
65.000 graduate studentsmostly concentrated in re-
search universities and doctoral-granting institutions
received such assistantships.'" Teaching assistants provide
over 36 percent of undergraduate instructional contact
hours in physics at research universities, but only 3 per-
cent at comprehensive universities or liberal arts colleges.

Undergraduate S&E Students
and Degrees

This section provides data on enrollments of under-
graduates and their plans to major in science and engi-
neering. It also presents data on actual associate and
bachelors degrees awarded. Trends are provided by sex
and race/ethnicity.

Recent Trends in College Enrollments
The pool of college-age students (20- to 24-year-olds)

has been decreasing by about 2 percent annually since
1980. Nonetheless, undergraduate enrollments increased
during the 1980salmost 3 percent during the latter half
of the decade. Moreover. between 1990 and 1991, enroll-
ments increased 4 percent. when an additional 500,000
students raised undergraduate enrollments to 12.4 mil-
lion. (See appendix table 2-8.)

In the face of a declining college-age population, part
of this increased enrollment is due to greater participa-
tion in undergraduate education by older students,
women, and minorities. By 1991, 66 percent of all stu-
dents enrolled in undergraduate institutions were
women and minorities. These groups represented only
57 percent of undergraduate enrollment in 1976. Asians
and Hispanicsespecially females in these groups
accounted for the highest rates of increase in minority
enrollments, with annual increases of 9 and 7 percent.
respectively, between 1976 and 1991.

Engineering Enrollments"
Because engineering programs frequently begin in

the freshman year. students tend to declare an engineer-
ing or engineering technology'' major early in their col-
lege career. Data on these enrollments provide early
indicators of future degree production.

'An estimated 26.000 of these teaching assistants are foreign gradu-
ate students: see "Support for S&E Graduate Students."

"Data in this section are from the Engineering Manpower Commis-
sion. The commission collects trend data on full- and part-time engineer-
ing and engineering technology enrollments in both baccalaureate and
2-year programs as well as on enrollments of women and minorities.

Engineering technology curricula have traditionally emphasized
hands-on experience with advanced technologies, rather than a theo-
retical engineering curricula in mathematics and science. The
Accreditation Board of Engineering and Technology defines engineer-
ing technology as that part of the field requiring the application of
knowledge and methods of science and engineering, combined with
technical skills.
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Text table 2-4
Percentage of undergraduate instruction provided
by faculty: 1990

Physics Geology Sociology

Percent

Full-time faculty... 85 79 82

Part-time faculty . 7 9 15

Teaching assistants... 8 12 3

See appendix table 2-7 Science & Engineering Indicators 1993

Full-time enrollments in engineering programs increased
front the late seventies until the early eighties, and then
declined slightly each year until 1989. "Fhis decline in
engineering enrollments was partly based on demo-
graphics. After 1982, the I.S. pool of college-age students
started decreasing slightly by about 1(().000 per year:
this decline became steeper after 198(i (50000 a year).
In 1991) and 1991, engineering enrollments increased
slightly after a 9-year decline, although the pool of col-
lege-age students has not slopped decreasing in size.

In 1992, engineering enrollments increased substan-
tially. as 1.700 more students enrolled in full-time under-
graduate engineering programs than in the previous
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ear. bringing total e»rollment to :)1.I.126 students. (N.e
appendix table 2-9.) The iwrease was due to greater par-
ticipation by women and minorities. whose enrollments
reached 116.000 in 1992: ISee figure 2-8.) Participation
by these groups has been growing concurrent with
declining enrollments in engineering by white males.
(See appendix table 2-10.) Between 1979 and 1992. as a
proportion of all undergraduate esigineering enrollments.

enrollment of blacks grew front -110 7 percent.

enrollment of Hispanics grew front 3 to ti percent,

female enrollment rose from 12 to 17 percent. and

male enrollment declined from 88 to 82 percent.

Engineering technology enrollments declined from a
high of 191,0(9) in 1981 to 128.500 in 1987: they have fluc-
tuated slightly each year since, remaining at about the
1987 level. Unlike enrollments in engineering, however.
engineering technology enrollinents have not increased
in the nineties. (See appendix table 2-9.)

Note, luiwever, that even ihimizit %%omen ;.nul minorities an. an
important ponion of new enrolltmmts. they still represent only a sinali
iiereentage ol total engineering enrollment.

Figure 2-7.
Proportion of undergraduate instruction provided by various faculty members, by field and institution type: 1990

Percent

100 I

Geology

Research Doctoral Compre- Liberal
hensive arts

Percent

100

80

60

40

20

Physics

Research Doctoral Compre- Liberal
hensive arts

Percent

100

80

60

40

20

Sociology

Research Doctoral Compre- Libe al
hensive arts

Full-time faculty 0 Part-time faculty 0 Teachinn assistants

NOTE. Data combine Carnegie categories I 8, II

See appendix table 2-7
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Figure 2-8.
Representation of women and minorities in
undergraduate engineering enrollments

Percent

50

Foreign citizens

; i Asian Americans

Underrepresented minorities

1979 90 1981 1982 983 1984 1985 1906 1987 1988 989 1990 991 1992

NOTE. Underrepresented minorities are blacKs. Hispanics. and
Native Americans.

See aopendix table 2-10 Science & Engineering Indicators 1993

Characteristics of American College
Freshmen',

The data presented in this section provide an indica-
tion of the growing interest of freshmen in studying s&E
fields, as well as their perceptions of their academic pre-
paredness for such majors. Specifically, this section
explores trends in the following selected characteristics
of first-time, full-time freshmen enrolled in 4-year univer-
sities and colleges:

planned majors by sex and race/ethnicity.

planned majors of National Merit Scholars, and

students self-reported need for remedial work in
math and science.

Planned Majors by Sex and Race/Ethnicity. For
the last 20 ;ears, about 30 percent of all freshmen in 4-
year colleges and universities have said that they intend
to major in science and engineering. Additionally, fresh-
men of every race/ethnicity have high aspirations for
majoring in science and engineering: In 1992. about 41
percent of Asian, 35 percent of black and Hispanic, and
30 percent of white and Native American freshmen

'Data on planned IllaiON b1 -ex. race, ethnicity, and need tor reme-
dial work an- Iron) the I higher Education Research Institute. lniversity
of California at I.os Angt.des, survey of the American Freshman:
National Norms. unpublished tabulations. Although the institutional
population for this survey is drawn from all eligible institutions ol high-
er education 0.e.. all institutions that were operating at the time of the
survey an(1 had a freshmen class of at least 25 students) listed in the
annual t .s. Department el Education Education Directory, the actual
sample is self-selected. For ('xample. of the 2.725 tligible institutions
invited to participate fl the 1989 survey, 599 responded. Some ot the
bias that may result from this selection process is reduced in the strati-
fication scheme.

Chapter 2 Higher Education in Science and Engineering

intended to major in science and engineering.
appendix table 2-11.)

Choice of major within fields differs by sex and
raCe/ethnicity. Data on freshmen intentions for the last
2 0 years show that, regardless of race/ elltnieltY. all
femalesexcept Asiansintend a major in the social sci-
ences more than in any other science field:''' males of all
races intend to study engineering above all other ,,\.-E
fields. Minority females intend to major in the natural
sciences and engineering more than do white females.
I3etween 1971 and 1991, underrepresented minorities.'
have shown an increasing interest in S&E majors. (See
figure 2-9.)

Despite high levels of freshmen intentions for an !"&l.:
major, in actuality, the percentage of students majoring
in natural science, mathematics, and engineering fields
declines from 27 to 17 percent between freshman and
senior years (Astin, Astin. and Dey 1992).' Women and
minorities experience even higher rates of attrition.

Planned Majors of National Merit Scholars. Are
the best and brightest students interested in pursuing

Asian temales intend to study the natural sci(lices more than am
ither s&f.

l'nderrepresented minorities in sm' include blacks. I lisp:ink... and
Native Atnericans.

Compare the freshman intentions data in appendix table 2-11 with
the earned degree data in appendix tables 2-19. 2-20. and 2-21.

Figure 2-9.
Minority representation among freshmen planning
to major in a science or engineering field

Percent

20

15

10

5

1981

..1971l
791

1991

Physics Biology Social sciences Engineering

NOTE: Data reflect underrepresented minorities onlyLe blacks.
Hispanics. and Native Americans.

See appendix tabte 2-12. Science & Engineering Indicators 1993
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s&F. fields? One indicator for determining the answer to
this question is the stated choice of major of National
Merit Scholars. These students represent the top 0.5 per-
cent. of the Nation's high school graduates in terms of
academic achievement. In 1992, over 40 percent of all

National Merit Scholars were interested in majoring in
either the natural sciences or engineering. (See appendix
table 2-13.) Interest in the biological sciences, physics,
and mathematics and statistics increased, while plans to
major in the social sciences and business decreased.
Between 1985 and 1989. National Merit Scholars showed
a declining interest in all S&E fields except the social
sciences. From 1989 to 1992, however, this trend was
somewhat reversed, as Merit Scholars expressed an
increasing interest in majors in the natural sciences and
engineering. (See figure 2-10.)

Reported Need tor Remedial Work in Math and
Science. A large proportion of freshmen say they need
remedial work in math and science. For the last 15
years, about 20 percent of the freshmen class who
intend to major in science and engineering thought they
needed remedial work in math: about 10 percent felt
they needed remedial work in science. (See appendix
table 2-14.)

The perceived need for remedial work varies by intend-
ed major, sex, and race/ethnicity. (See figure 2-11.) In
1992. students planning to major in engineering or the
physical sciences were less likely to express a need for
remedial work in math or science than were their peers
who planned a biological or social science major. Females
intending to study physics expressed more need for
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Figure 2-10.
Choice of majors of Merit Scholars
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See appendix table 2-13. Science 8 Engineenng Indicators -1993

remedial work in mathematics and science than did
males. Between 30 and 50 percent of minority students
across all fields said they needed remedial work in math,
and between 20 and 24 percent said they needed remedi-
al work in science.

Part of this lack of confidence in their ability to do col-
lege work in math and science relates to students' lack of
persistence in these courses throughout high school. A
-tudy of coursetaking behavior of high school students
conducted between 1987 and 1993 shows that a signifi-
cant proportion of high school seniors do not enroll in

Figure 2-11.
Freshmen reporting need for remedial work in math and science, by intended major: 1992
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Technical Education in Japan and Germany

Japan and Germany are often cited for their commit-
ment to vocational training for skilled personnela
commitment that probably contributes to their eco-
nomic success, particularly in manufacturing indus-
tries. Following is information on the technical educa-
tion programs of these countries within their higher
education systems.

Japan has technical and junior colleges that provide,
among others, engineering technology degrees corn-
parable to u.s. associate degrees in this field. The num-
ber of Japanese degrees at this level are, however, rela-
tively small, amounting to about one-fifth of Japan's
university degrees in engineering (Monbusho 1991).
In 1991, Japan produced around 18,000 degrees at the
associate level and 87,000 engineering degrees at the
bachelors level. Programs of study in engineering
technology offered at Japanese junior colleges include
information processing, laboratory technician training,
and electronics (Cummings 1993). Graduates in Japanese
technical colleges are trained in more narrowly spe-
cialized technical areas in engineering (production,
construction, industrial chemistry, information. and
electronics) than are junior college graduates. Over 90
percent of Japan's junior and technical college gradu-

ates directly enter the country's high-skill labor force.
German polytechnics. calleo Fachhochschulen, pre-

pare students for work in various technical specialties.
There is no equivalent institution in the United States,
but the bachelors degree in engineering technology in
u.s. universities is similar to the Fachhochschulen engi-
neering degree. With approximately one-third of the
college-age population of the United States, Germany
produced 20,000 Fachhochschulen graduates in 1990
slightly more than the 19,000 U.s. engineering technol-
ogy degrees awarded at the bachelors level that year.

Fachhochschulen were established in the early 1970s
as an educational reform to address the serious short-
age of skilled workers (Friedeburg 1990). They are an
important source of training for engineers, accounting
for slightly more than the number of university engi-
neering degrees awarded in Germany (Mintzes and
Tash 1984). Germany would like to divert more of its
engineering students from universities to Fachhoch-
schulen and have an even greater percentage of graduates
trained in these polytechnics. The German Govern-
ment is establishing new Fachhochschulens in the for-
mer East Germany to create a more highly skilled labor
force and to foster economic growth in that region.

any science or mathematics course.'' Females, more
(iften than males, are advised that they do not need to
take math or science in their senior year. (See appendix
table 2-15.) In the senior class of 1993, only 13 percent of
the males and 9 percent of the females had taken calcu-
lus; only 32 percent of the males and 27 percent of the
females had taken physics. (See appendix table 2-16.)
.Among all students planning a career in mathematics,
science, or engineering, fewer than two-thirds had com-
pleted a physics course, and only a third had attempted a
high school calculus course.

Associate Degrees in S&E
Technical education cimtributes to a skilled and com-

petitive labor force. rrechnical Education in Japan and
Germany- describes how other countries provide the
vocational training critical to a highly industrialized
economy.) For example. most of the 700 colleges offer-
ing associate degrees in engineering technology have
arrangements with secondary schools to offer technical
preparation programs, and with industry to train or
retrain workers.'" Additionally, the increased emphasis
on a competitive workforce has caused community

'These data are from the Longitudinal Study 01 American Youth.
several other qudies related to this issue are discussed in chapter 1.
"titudent l'ersktence in Science and Mathematics Courses."

.Ahnost i1I II these schools also have arrangements lor student
transfer to 4-year prognims (sits forthcoming).

colleges to establish new advanced technological educa-
tion programs. The National Science Foundation has a
S10 million budget in 1994 to improve such programs in
2-year institutions. This section provides some baseline
information on associate degrees in science, engineer-
ing, and engineering technology:"

In 1991, of the 486,000 associate degrees awarded, only
19,000 were in S.K:E fields and 45,000 were in engineering
technology. (See appendix table 2-17.) Associate degrees
in SU'. have declined in absolute numbers from 1983 to
1991, reflecting the decrease in the pool of t*.s. college-
age students. In engineering technology, associate
degree awards increased an average of 6 percent per
fear from 1975 to 1985; there has been a 2-percent annu-
al decline since then, somewhat mirroring the decline in
engineering bachelors degrees.

Women receive almost half of all associate degrees
awarded in the natural sciences and mathematics/com-
puter sciences. but only about 11 percent of the degrees
in engineering and engineering technology. Associate
degrees declined between 1983 and 1991 for males. but
not for females or underrepresented minorities. (See text
table 2-5 and appendix tables 2-17 and 2-18 1 This group
which includes black. Hispanic, and Native American
studentsis approximately 18 percent of the undergrad-
uate population. and received 15 percent of the associate

Overall trends are available for 1975 to 1991: degrees by race/
ethnicity are available for 1983 to 1991.
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Text table 2-5.
Share of associate degrees in S&E obtained by
underrepresented minorities

Field 1985 199

Percent

MI fields 13.4 14.5

All S&E fields 12.2 15.1

Natural sciences 9.7 10.1

Math/computer sciences . 12.2 19.6

Social sciences 26.2 25.7

Engineering 7.3 11.9

Engineering technology . . 10.7 13.3

See appendix table 2-18. Science & Engineering Indicators 1993

degrees in s&E in 1991. This figure represents an im-
provement in participation rates in some fields of sm:.
from 1985 levels. mainly in mathematics/computer sciences
and engineering. Junior colleges show a greater share of
minority achievement (earned associate degrees) than 4-
year colleges.

Bachelors Degrees in S&E,I
Bachelors degree awards in science and engineering,

like associate degrees, increased until the mid-I980s and
then decreased for the rest of the decade. (See appendix
table 2-19.) There were some variations by field, however.
(See figure 2-12.)

'Data in this section an. front the National Cenwr for Fducation
.itatistics. Earned Degrees and Completions :yurveys.

Figure 2-12.
Bachelors degrees awarded in science and engineering
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.1The absolute nunthers of engineer-Mg degrees declined
percent annually from 1986 to 1991; this decrease ixu--

tially reflected the declining college-age population.

Natural science degrees declined slowly, at 2.5 per-
cent annually, over a long time period (1977-89).
There was a slight upturn in degrees in this field in
1991-the result of increasing numbers of women
obtaining degrees in natural science fields.

The absolute numbers of mathematics/computer sci-
ences degrees declined 7 percent annually from
1986 to 1991.

Social science degrees declined 3 percent annually
from 1975 to 1985, but have increased by more than
5 percent annually since 1985.

By subfield, there are still more variations in degree
award patterns. (See figure 2-12.) The most dramatic of
these variations is in the computer sciences, which
dropped 10 percent annually between 1986 and 1991
after a long period of rapid growth. Awards in the biolog-
ical and agricultural sciences declined slowly between
1978 to 1989, although there has been some growth in
these subfields since then.

Bachelors Degrees by Sex. Women make up 55
percent of the undergraduate population and receive 56
percent of the bachelors degrees in the social sciences.-'=
Women are approaching similar parity in a few fields of
the natural sciences. For example, women received 49
percent of the bachelors degrees in the biological sci-
ences in 1991, (See text table 2-6.) However, women
received only 32 percent of the bachelors degrees in the
physical sciences in 1991. Physics departments have
only 5 percent female faculty and few minorities, perhaps
adding to the difficulty of attracting these student popu-
lations (sits 1992e). Males obtain the vast majority of
engineering and engineering technology degrees. and
the majority of mathematics/computer sciences degrees.

Overall, the increasing equality in the natural sciences
has not resulted from large increases in the number of
female degrees between 1975 and 1991; degrees to
females during this period increased only 1 percent
annually, from 23,000 to 29,000. Rather, there is a higher
female participation rate because degrees awarded to
females did not decline, as they did for men. Degrees
awarded to men in the natural sciences began to decline
in 1977. dropping 3 percent annually from 65.000 in 1977
to 36,000 in 1991. (See appendix table 2-19.)

Bachelors Degrees by Race/Ethnicity. Recent
freshmen intentions data indicate growing interest in
planned S&E majors among all minority groups, but
degree data show that minority groups remain underrep-

...Perhaps not coincidentally, tlw full-time faculty of V.s. sociology
departments includes a high proportion i.lI percent) of women Nlc.,
1992f).

Text table 2-6.
Distribution of bachelors degrees in S&E,
by field and sex

Field

1975 1991

Male FemaleMale Female

Percent

Natural sciences . . . . 73.4 26.6 55.5 44.5
Physical sciences 81.2 18.8 67.6 32.4
Environmental sciences . . 83.0 17.0 71.3 28.7

Biological/agricultural
sciences 70.7 29.2 51.3 48.7

Math/computer sciences . . . 62.9 37.0 63.9 36.1

Mathematics 58.0 42.0 52.7 47.2
Computer sciences 81.0 19.0 63.9 29.6

Social and behavioral
sciences 57 0 43.0 44.0 56.0

Psychology 47.3 52.7 27.4 72.6

Social sciences 61.5 38.4 52.8 47.2
Engineering 97.9 2.1 84.5 15.5

Engineering technoloay . . . . 93.8 6.2 89.3 10.7

See appendix table 2-19. Science & Engineering Indicators - 1993

resented in terms of S&F. baccalaureate awards.2' Although
9 percent of the freshmen students who intended to
major in S&F. in 1986 were black, 4 years later only 6 per-
cent of the bachelors degrees in ss.:F. were obtained by
this minority group. (See appendix tables 2-12 and 2-22.)

Blacks attained a 3.5-percent annual increase in engi-
neering degrees and a 7-percent annual increase in
mathematics/computer science degrees between 1977
and 1991. There has been no growth, however, in blacks'
degree completions in the natural sciences. Hispanic stu-
dents increased their engineering and computer science
degrees at annual rates of 5 and 10 percent, respectively,
between 1977 and 1991, and increased their natural sci-
ence degrees at an annual rate of 2 percent. These
increases in minority degrees'' have resulted in modest
improvements in their participation rates in Ns&E
degrees between 1977 and 1991. (See figure 2-13.)

Foreign students are only 3 percent of the undergradu-
ate population. but they obtain 7 percent of the engineer-
ing degrees because of their strong focus on this field.

Graduate S&E Students and Degrees
Of the 415,000 graduate students in ii&E fields in 1991,

almost a third were in the social sciences,

over a quarter were in the natural sciences,

over a quarter were in engineering, and

-:Studies and research on the participation of minorities in sm edu-
cation are discussed in "Improving Minority Participation in S&E
Education."

'Degrees to Native Americans decreat,ed in the sante pattern io. in
the overall student population.
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Improving Minority Participation in S&E Education

The slow progress in improving the retention and
degree completion rates of minorities in science and
engineering has been widely noted and discussed
(see, for example. Bagayoka 1993). Increasingly,
experts are realizing that precollege preparation plays
a significant role in future S&L'. degree selection and
completion. For example, to better understand the
determinants of success in ti&E. a longitudinal study of
25,000 undergraduate students was conducted between
1985 and 1989. The study found that overall academic
competence and math achievement upon entering col-
lege were most closely linked with students' choice of

and persistence in an ti&E field (Astin. Astin, and Dey

1992). In other words, if a student has a strong high

school preparation, other variables--like the type of

academic institution attended, family income, parental
occupation, etc.are less significant in determining
whether the student will obtain an s&E bachelors
degree.

The impact of this and similar studies has led at
least one group attempting to improve minority reten-
tionthe National Action Council for Minorities in

Engineeringto shift its focus to precollege pro-
grams, including Saturday science academies, sum-
mer science camps and institutes, research apprentice-

ships, teacher enhancement, curriculum improvement,
and problem-based learning. At the national level,
math educators are developing standards for course-
work and student accountability to improve academic
preparedness at the high school level. At the federal
level, the National Science Foundation and the
Department of Educationwith 80 percent of the
funding for math and science education improve-
menthave signed a memorandum of understanding
to coordinate their standards-based educational pro-
grams.

Higher education institutions are also establishing
programs and improving introductory courses to
reduce attrition in science and engineering.
Curriculum reforms and innovative teaching methods
(e.g., cooperative learning and visualization aids in
higher mathematics) that began in a few selective
research universities are now spreading to large state
schools (Cipra 1993). Beyond providing better teach-
ing and remedial tutoring, higher education institu-
tions have also been asked to enhance financial sup-
port, social integration, student-faculty interactions,
and essential mentoring of women and ethnic minori-
ties to improve retention in science and engineering
(Grant and Ward 1992).

about an eighth were in mathematics and the cmn-

puter sciences.

'Me fields slmwing the greatest growth in both
enrollment and degree awards were mathematicskom-
inner sciences and engineering. Enrollments in these
fields grew annually at ti and -I percent. respectively,

between 1977 and 1991: enrollments in the natural and
social sciences grew at less than 1 percent. (See appendix
table 2-23.)

This section discusses the growth in graduate enroll-

ments and degree awards, particularly among female
and foreign students. It also examines growth trends in
specific fields at the masters and doctoral levels.

Figure 2-13.
Bachelors degrees in the natural sciences and engineering awarded to minorities
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Recent Trends in Graduate Enrollments
Graduate student enrollmentboth at the masters

and doctoral levelsin grew steadily at a rate of 2
percent per year from 1977 to 1991. As in undergraduate
-&E. education. much of this growth was fueled by large
increases in the number of women enrolling in these
programs. The number of women enrolled in s&E gradu-
ate programs rose from about 78.000 in 1977 to 142.000
in 1991. By 1991, more than a third of graduate s&F. stu-
dents were female, compared to a quarter in 1977. Repre-
sentation of women varied by field, however, as shown in
figure 2-14 and appendix table 2-23.

Foreign students also drove much of the growth in
graduate enrollment. Enrollment by foreign citizens grew
more than 5 percent annually between 1983 and 1991;
non-u.s. citizens now comprise over one-quarter of all S&E
graduate students.

"nderrepresented minorities have had a slower enroll-
ment growth rate than have all graduate students during
this same time period, and from a smaller base.:' In
1991. blacks, Hispanics. and Native Americans together
accounted for only about 4.6 percent of the graduate stu-

Data on graduate enrollment by racialiethnic group are avail-
able for i .s. citizens only.

Figure 2-14.
Graduate enrollment in science and engineering
programs, by sex
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(lent population in the natural sciences and about 4 percent
in engineering. (See figure 2-15 and appendix table 2-24.)

Masters Degrees in S&E,''
From 1981 to 1991. the number of S&E masters degrees

obtained each year increased at a slightly faster rate than
did masters degrees in all fields (2 and 1 percent. respec-
tively). This growth masked significant differences by
field, however. For instance, annual production of mas-
ters degrees in mathematics/computer sciences and in
engineering grew at much faster rates than did masters
degrees in other S&L'. fields. Between 1981 and 1991, the
number of degrees in mathematics/computer sciences
increased an average of 6.7 percent annually, and nearly
doubled over the period (from 6.800 to 13,000 degrees).
Engineering degrees increased 4 percent annuaily during
this period, reaching 24,000 degrees by 1991. Masters
degrees in the natural sciences declined slightly from
1981 to 1991 at a rate of 1 percent annually; social science
degrees increased by fewer than 1 percent annually.

The number of masters degrees awarded in the natu-
ral sciences began a slow decline in 1975, as male partici-
pation in this field dropped. The number of masters
degrees in the natural sciences obtained by males
declined by one-third between 1975 and 1991dropping
from 12,000 to 8,000. (See appendix table 2-25.) This
decline was somewhat offset by an increasing number of
natural science degrees for females: Masters degrees to
females in this field increased from 3,000 to 5,000 during
this period. Much of this growth was concentrated in the
biological sciences.

In contrast to this increase for women, the participa-
tion rates of underrepresented minorities in masters
level S&E programs has changed little since 1977either
across all of s&E or in terms of their relative fields of con-
centration.': (See text table 2-7.) Continuing the trends
of the last 14 years, in 1991. underrepresented minorities
received most. of their masters degrees in the social sci-
ences-4.600, compared to 600 degrees both in the natu-
ral sciences and mathematics/computer sciences, and
900 degrees in engineering. Masters degrees for Asians,
on the other hand, were concentrated in engineering and
in mathematics/computer sciences. Over the 1977-91
period, annual increases in awards to Asians in these
fields were 7 and 14 percent, respectively.

Doctoral Degrees in S&E's
The number of ti&E. doctoral degrees grew twice as

fast as all doctoral degree awards between 1978 and

'Data for s&t.: masters degrees are from the National Center lor
Education Statistics annual survey of earned degrees: the data have
been adapted to National Sdence Foundation field classifications.

Data on race/ethnicity reflect I .s. citizens and permanent resi-
dents only.

'Data on s&f. doctorates granted in the United States are from the
National Science Emmdation's survey of Earned Doctorates: see sRs
111-193d)
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Figure 2-15.
Graduate enrollment in science and enginfe.ering promams, by race/ethnicity/citizenship
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1991-2 percent versus 1 percent annually. The number
of engineering doctoral degrees increased at a taster rate
than did any other field, rising 6 percent annually since
1978 and reaching over 5,000 degrees in 1991. The num-

ber ot mathematics/computer science doctorates
obtained annually was around 1.000 between 1975 and

1985: this number increased to 1,800 degrees by 1991.

Text table 2-7.
Share of masters degrees in S&E obtained by
underrepresented minorities

Fie Id 1977 1991

----Percent

Ali fields 9.1 7.9

All S&E fields 7.8 7.3

Natural sciences 4.0 4.5

Math/computer sciences . . 4.7 4.8

Social sciences .11.3 11.1

Engineering 3.2 3.8

See appendix table 2-26 Science & Engineenng Indicators - 1993
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Natural science awards have grown modestly, increasing
from 8,000 to 10,000 between 1975 and 1991a 1.4 per-
cent average annual growth rate. The production of doc-
toral degrees in the social sciences has been quite stabk.
since 1975 at about 6,500 awards annually. (See appendix

table 2-27.)

Doctorates by Sex and Race/Ethnicity. Females
received half the social and behavioral science degrees
and over a quarter of the natural science degrees at the
doctoral level in 1991. This represents a doubling of
female participation rates in these ti&E fields since 1975.
However, women received relatively few engineering or
mathematics/ computer sciences degrees at the doctoral
level-9 and 17 percent, respectively. (See appendix
table 2-27.)

The number of doctorates obtained by underrepre-
sented minorities has increased in all fields of espe-

cially the social and natural sciences.'" This growth is
from a small base, however: These populations still rep-
resent only 0.4 percent of all SS; I'. doctoral degrees. (See
appendix table 2-28.)

"Data on race/ Nilnicity reflect .5. citizens and permanent resi-

dents only.

1 82



52

Foreign Students in U.S. Doctoral Programs

Doctoral Awards to Foreign Students by Fie lc,.
Foreign students continued to increase their share of

doctoral &grecs in 1991. They Obtaine(l over 25 per-
cent ot all natural science degrees. over 4(1 percent of
inathematics/ computer sciences degrees, and over 45
percent of engineering degrees. (See figure 2-1(3.) 'Mese
awards were primarily made to Asian natives: Students
Imin Asian countries received 3 times more S&L doctor-
ates from American universities than did students from
North and South America and Central and Western
Ft trope ibined. (See "Asian Students in t '.5. Universities.")

Foreign Student Stay Rates.'" In the last few years.
about half of the foreign students who obtained doctoral
degrees from universities planned to stay in the
United States following graduation. The decision to
locate in the United States is influenced by employment
opporuolities to use their advanced knowledge, as well

the imiitical and economic situation in the sending
ountry. Plans to stay thus vary by country of origin. In

1991. about 50 percent of the foreign s&E doctoral recipi-
ents frcmi North and Scnith America planned to remain in
the United States: about percent of the European and

percent of the Asian doctoral recipients planned

Jaia in On, ection ;to' derived from the National Science Founda-
.IIIII., ',1111.1.V DO(111rall's. rhe Survey item on postgraduation

ILI-. iii Ni-percent rp-ponse rate among loreign (loon ai recipients.

Chapter 2 Higher Education in Science and Engineering

to stay..: (See figure 2-18.)
By counuy, Canada has had a high percentage of doc-

toral recipients planning to remain in the United States.
(See appendix table 2-29.) Among European nations,
Greece and the United Kingdom have the highest per-
centages of s&F. doctorates planning to locate in the
United States-5(i and 71 percent, respectively. Among
the Asian countries that send significant numbers Of doc-
toral students to Ls. universities, Taiwan and South
Korea have the lowest stay rates after graduation: China
and India have the highest. The pattern appears to be
that as Asian economies develop, they have more capaci-
ty to absorb the large numbers of s& F. doctorate-holders
from Ls. universities. Because China is now the fastest
growing economy in the world, the stay rate of u.s.-edu-
cated doctoral recipients from China may decline in the
near future. (See appendix table 2-29.)

Across all countries, the percentages of those with
firm plans to stayi.e., those with firm appointments for
postdoctoral study, or firm academic or industrial
employment offers from organizations in the United
Statesare much lower than are the percentages of
those who say they would like to stay. It is noteworthy.

These percontages mask huge differences in numbers of doctor-
ates. For example. in 1991. three tintes as many Asian & F doctoral
recipients planned to stay and Work in the Voited States as did &l.
doctorates from the Americas and Europe.

Figure 2-16
Foreign citizens in U.S. graduate science and engineering programs
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Asian Students in U.S. Universities

Over 400.000 foreign students-3 percent of total
U.s. enrollment-attend U.S. institutions of higher edu-
cation. Over half of these students (55 percent) come
from Asia: In 1991. 43 percent of undergraduate for-
eign students were Asian. and 65 percent of the gradu-
ate (IIE 1991). One reason for this concentration is that
the sharp jump in the value of Asian currencies rela-
tive to the u.s. dollar has greatly increased the number
of Asian students with the financial ability to study in
this country (sits 1993c).

Asians tend to major in s&E. Over 80 percent of the
baccalaureates obtained in the United States by Asian
natives were in S&E in 1991 (sRs 1993c). Japanese stu-
dents are the single exception to this trend. (See text
table 2-8.) Over half of the Japanese students enrolled
in undergraduate programs at U.S. universities in
1989/90 were in non-s&E fields.

At the graduate level, too, a large percentage of
Asian students in U.S. universities are enrolled in SS:1
programs. For example. 96 percent of Taiwanese stu-
dents and 93 percent of Indian students were in S&E
fields in 1989/90. Asian countries have encouraged
this focus on science and engineering by providing
scholarships for study abroad in these fields.

u.s. higher education institutions are also a signifi-
cant source for the doctoral education of Asian stu-
dents, educating-based on data from China. India.
Japan, South Korea, and Taiwan-approximately one-
quarter of Asian Ph.D. recipients. u.s. universities pro-
vide more engineering doctorates to Indian students
than does India. and more natural science and engi-
neering doctorates to Taiwanese students than does
Taiwan. About half of South Korea's doctoral degrees.
and one-third of China's, are from U.S. universities. On
the other hand. Japanese scientists and engineers

Text table 2-8.
Asian students in U.S. universities

Figure 2-17.
Doctorates obtained in natural sciences and
engineering by Asians within country and in
the United States: 1990
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obtain only a small fraction of their doctorates in the
United States. (See figure 2-17.)

Total enrollment in U.S. institutions Study level Major field of study

Country 1989/90
_

190/91 Undergraduate Graduate Natural sciences Enginee;Mg

--------Number Percent

China . . 33.300 39,600 12.9 82.7 44.0 20.1

Taiwan 30.960 33,530 19 0 76.3 51.0 45.0

Japan 29.840 36.610 61.7 19.5 31.0 14.0

India 26.240 28,860 21.1 75.5 40.9 52.5

South Korea 21,710 23,360 24.1 69.7 45.4 35.6

NOTES Percentages by degree level and field are estimated from the Institute of International Education 1989/90 foreign student survey. Details do not add to

100 beL:ause of additional data not included here

SOURCES. Institute of International Education (HE). Profiles 1989-90. Detailed Analyses ot the Foreign Student Population (New York: 1990); and 11E. Open

Doors. 1990-91 Report on Internati.nal Education Exchange (New York: 1991).
Science & Engineering Indicators - 1993
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howeer. that postdoctoral appointments are increasing-
ly filled by foreigners who obtained their doctoral
degrees from ( universities. (See appendix table 2-3).)
In 1991. a full half of the postdoctoral appointments in

were olfered to non-L.S. citizens who obtained SM..

doctoral degrees in v.s. universities. up from about 39
percent in 1981.

Major Sources of Financial Support
The cost of higher education rose about four times

faster titan did family incomes between 1982 and 1992.::
Not surprisingly, students have turned to other sources
of support to help pay for their undergraduate and grad-
uate educatiou. In the last 10 years, external sources of
student aid." for V.S. higher edu tion have grown from
:-;16 tG 830 billion in constant dollars (Knapp 1992).

External sources of support have changed somewhat
over the decade. l'he largest source of support was and
continues to be the Federal Government. The lion's
share of federal support consists of loans: Specifically,
813.7 billion (in 1992) in the Guaranteed Student Loan
Program and about 89 billion in grants and other pro-
grams. (See appen(iix table 2-31.) In 1992, some 4(1 per-
cent of the 14 million students enrolled in higher educa-
tion at all levels relied on federal guaranteed loans to
finance some part of their education. This proportion
was up from 30 percent less than a decade ago (Knapp
1992).

Despite this increasing reliance on federal loans, howev-
er, the overall share of federal financial aid declined over
the decade. In 1982. the Federal Government accounted
for 80 percent of all student aid. By 1992, it accounted for
71 percent. Concurrently, academic institutiens increased
their share of total student financial support from 12 to 19.5
percent. State grants to students accounted for 6 percent of
financial aid throughout the decade.

More detailed indicators of financial support for higher
education are limited. This section p,-:.sents data on sup-
port reported by (1) freshmen in 4-year colleges and uni-
versities and (2) ti&E graduate students. Support sources
and mechanisms are discussed, as are the support pat-
terns for foreign students studying at Ls. institutions.

Support for College Freshmen-4
The rising costs of higher education at 4-year colleges

and universities have contributed to an increased stu-
dent reliance on parents or other relatives for academic
support. In 1992, about 63 percent of all freshmen.

Costs at private and titiblic universities increased around 4 tiercent
annually during this period. while meth in family income gre%k about 1
percent annually (Knapp 19921.

'External sources include federal. slat( , and academic institutions'
grant and loan programs.

'Data in (his section are front the Higher Education Iteearch
Institute. t niversity tit California at I.os Angeles, Survey ot the
American 1 r,,,slunan: National Norms, unpublished tabulations.

regardless ot intended major, reported receiving at least
81,500 or more from parents or other relatives to finance
their education. This proportion was up considerably
from 1982, when only 46 percent reported receiving at
least 81.300 from this source.

Two other sources of support became increasingly sig-
nificant during this time period. In 1982, 9 percent of
freshmen reported receiving at least S1,500 from their
academic institutions in grants or scholarships. This pro-
portion had climbed dramatically by 1992, when almost a
quarter (22 percent) of all freshmen cited this source of
support. Students' own savings accounted for at least
81,500 in support for 9 percent of the freshmen in 1982,
and for 16 percent in 1992.

The proportion citing reliance on federal loans re-
mained steady over the period, on the other hand. In
1992, as in 1982, about 18 percent of all freshmen report-
ed receiving at least 81,500 from either fedecally guaran-
teed student loans or direct federal loans.

Support for S&E Graduate Students'"
In 1992, academic institutions continued to account for

the majority of support for masters and doctoral students
in s&E. The predominant mechanisms of support for

The lower limit of $zt .500 was reported in current dollars.
Data on simrces of graduate support are from the annual National

Science I"( mdation fall survey of graduate s1t -1 departments I
1993a). 'Me survey asks all fUll-time graduate students to indicate their
"primary- source of support. Many students fund their graduate educa-
tion with several different sources of financial aid. some (it which are
not reported on the survey. Consequently. although the data in this
...ection represent a majority of support sources, they do not represent
all sources.

Figure 2-18.
Number and status of foreign doctoral
recipients: 1991
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these :s&: students were research assistantships (RAS)

and teaching assistantships. These overall trends mask
differences by degree level, field, and citizenship. ftc
following paragraphs discuss these differences.

Support by Source. Since advanced education is a
critical means of developing the human resources need-

ed to perform the Nation's s&F, activities, the academic,
industrial, and federal sectors have traditionally been
key sources of support for graduate S&E students. These
students are thus far less likely than undergraduates to
finance the largest part of their education through family
or pei sundi resources. In 1991, half of the primary sup-
port for graduate S&E students was provided by nonfed-
eral sources (i.e., academic institutions.': and private
industry): 20 percent was from the Federal Government:
and 30 percent consisted of self-support. Since 1983. the
average annual increase in the number of students sup-
ported by these sources has risen by 3, 4. and 1 percent.
respectively.

The number of s&t.: graduate students supported by

nonfederal sources grew steadily in the eighties and has
grown more sharply since, rising from 123,000 in 1983 to

over 153.000 students in 1991. (See figure 2-19.) Most of
this increase is due to a growth in the number of kAs pro-
vided by universities. (See "Support by Mechanism."
below, and appendix tables 2-32 and 5-20.) Federal fel-
lowships and other programs supported moderately
increasing numbers of graduate students in S&E between
1983 and 1990. helping almost 58.000 graduate students
by 1990. In 1991, federal supportlike nonfederal
increased steeply, reaching an additional 6.000 students.
Several agencies accounted for this increase, including
the National Science Foundation and the National
Institutes of Health and other Health and Human Ser-

vices agencies.
Nonfederal sources provide the primary financial sup-

port for graduate students in all S&F, fields except the com-

puter sciences and psychology: Students in these latter
fields have a high level of self-support. In terms of federal

support, graduate students in the physical and life sciences
receive the highest percentages, while students in mathe-

matics and the social sciences receive the lowest. The
number of students suppot tcd in mathematics, however,
increased the most over the 1983-91 period, rising 9 per-
cent annually. The lowest annual increase (0.9 percent) in
federal support was in the environmental sciences. And in

the social sciences, the number of students receiving fed-
eral support decreased annually by an average of (13 per-

cent front an already low base. (See figure 2-20.)

Support by Mechanism. Fueled by growing universi-

ty research funding, teaching assistantships andespecial-
lyRAs have, over the last 12 years. displaced fellowships and

traineeships iis the major graduate support mechanism.

Support from academic institutions includes university research
funds from federal grants and contracts.

. r.
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Figure 2-19.
Major sources of support for science and engineering
graduate students
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(See figure 2-21.) By 1991, RAs and TAs were the most sig-
nificant types of graduate student support: 27.5 percent of
students' .drimary support came from RAS and 21 percent
from TAs. Fellowships and traineeships accounted for 9 and
5 percent. respectively, of the primary support cited by grad-

uate SK:E students. (See appendix table 2-34.)
Use of these support mechanisms varies by s&E field.

Eighty percent of graduate students in the physical sci-
ences are supported by either RAs or TAs. These two
mechanisms also represent key support mechanisms in
the environmental and life sciences. However, RAs are a
more important mechanism than TAs in engineering and
the earth and life sciences, and are slightly more impor-
tant in the physical sciences. TAs are more than twice as
important as RAs in mathematics and the computer sci-
ences. Only about a third of the students in psychology
or the social sciences are supported by TAs or RAs.
Fellowships and traineeships are not the key mechanism
of support in any field, although students in the social
sciences are as likely to be supported by a fellowship as
by a research assistantship.

Support for Foreign Students.' Not surprisingly,
the majority of funding support for foreign students at all

levels of higher education is from non-r.s. sources.
Personal and family sources provide primary funding

'Data on foreign student support at all levels are from IlL 1199D:
doctoral support data are from the National Science Foundation's
Doctorate Records File. (Sev sRs 1993a.l
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Figure 2-20.
Major sources of graduate student support, by field
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Figure 2-21.
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suppon for percent of foreign students: an additional
9 wrcent comes from their home governments, universi-
ties, and foreign private sponsors. C.S. sources are the
primary funding support of only 27 percent of foreign
students. This support is provided by u.s. colleges and
universities (19 percent) and the U.S. Government (2 per-
cent): 6 percent of foreign students cite employment and
u.s. private sponsors as their primary support source (LIE
1991).

In striking contrast, u.s. sources are the primary fund-
ing suppoN of 80 percent of all foreign doctoral SIKE stu-
dents. This is because u.s. universities subsidize the
education of all S&E doctoral studentsregardless of citi-
zenshipin "hard" sciences (i.e., the natural .iciences
and engineering). Foreign doctoral S&E students are

1979 1984 1989

See appendix table 2-34. Science & Engineenng Indicators - 1993

concentrated almost exclusively in these fields. Over
three-quarters of foreign SM:. doctoral students receive
their primary funding support in the form of either k:\s
(including some research funds to universities from fed-
eral grants). TAs. or university fellowships. Three percent
conies from federal fellowships or traineeships. About 20
percent of foreign doctoral s&F; students cite various
forms of self-supportfamily. loans, earnings, and
spouse's earningsas their primary funding support.

For Ls. citizens. about half of the primary support cited
is front universitiesagain in the form of itAs. s. and
university fellowships. About 13 percent of primary sup-
port cited by doctoral S&E students is from federal fellow-
ships and traineeships. The remaining third of primary
support is self-support, either through their own or their
spouse's earnings, or through loans or family assistance.
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HIGHLIGHTS
INDUSTRIAL EMPLMMENT OF SCIENTISM, ENGINEERS,

. \ND TECHNICIANS

U.S. industrial firms employed 1.3 million engi-
neers and 667,000 scientists in 1992. Between
1989 and 1992, total industrial science and engineering
(s&E )employment increased at an average annual rate
of 1.5 percent. considerably below the 3.6-percent rate
registered during the preceding 9-year period.

The total number of S&E jobs in the manufactur-
ing sector fell for the first time in more than a
decade. The number of jobs tilled by engineers
declined from 804,000 in 1989 to 767,000 in 1992.
Four of the five largest engineering specialties and all
five manufacturing industries employing the largest
numbers of engineers had reductions.

In the late 1980s, the nonmanufacturing sector
overtook the manufacturing sector as the lead-
ing employer of scientists and engineers. More
than 1 million scientists and engineers were
employed in nonrnanufacturing industries in 1992, a
12-percent increase over the 1989 level.

The total number of technician jobs in industry
climbed steadily during the 1980s, reaching a
total of 1.5 million in 1989. Between 1989 and
1992. there was a cutback in technician jobs. Although
there was a 3-percent gain in technician jobs in the
nonmanufacturing sector, this increase was offset by
an 11-percent decline in manufacturing industries.

S&E LABOR MARKET CONDMONS

The 1992 unemployment rate for engineers was
3.8 percent; natural scientists, 2.3 percent; and
mathematical and computer scientists, 2.6 per-
cent. Although scientists and engineers are less like-
ly to be unemployed than other types of workers (the
overall unemployment rate was 6.7 percent in 1992).
these unemployment rates are higher than those
recorded a couple of years ago. In addition, the unem-
ployment rate for engineers is now higher than it was
during the "aerospace recession" of the early W70s.

Organizations that track entry-level hiring all
report a reduction in employer recruiting of new
college graduates in the 1990s. Although all recent
college graduates have been affected by the decrease in
recruiting activity, ti&E graduates are faring better than
those who majored in other disciplines and are contin-
uing to command higher starting salaries than their
counterparts in non-s&E fields. The rate of increase in
their starting salaries, however. slackened after 1990.

THE IMPACT OF DEFENSE DOWNSIZING ON S&E
EMPLOYMENT

Reduced defense spending is adversely affecting
engineering employment. Recent government pro-
jections show that more than two out of five engi-
neering. defense-related, civilian jobs have been or
will be lost between 1987 and 1997. Engineers who
have spent their entire careers working in the
defense industry and have become highly specialized
may have difficulty finding civilian sector jobs.

Defense downsizing has affected industry's
employment of R&D scientists and engineers.
The total number of full-time-equivalent R&D scien-
tists and engineers working for industrial firms
declined from 730,000 in 1990 to 684,000 in 1992. In
the aircraft and missiles industry, the number of fed-
erally supported research and development scien-
tists and engineers declined 20 percent in the early
1990s.

ENGINEERING EMPLOYMENT

Recent trends in u.s. engineering employment
show a loss of 50,000 jobs between 1987 and
1992; the unemployment rate doubling; and slug-
gish growth in salaries relative to those earned in
other professions. The engineering workforce is cur-
rently feeling the pinch of the recession, cutbacks in
defense spending and research and development, and
industry downsizing. If there is a substantial amount of
defense conversion, however, the loss in defense jobs
may be offset by the creation of new opportunities in
emerging industries.

The engineering specialties most adversely
affected by the slow economy and lower defense
budgets are electrical and electronic, industrial,
and aerospace. Other engineering specialties
environmental, civil, chemical, petroleum. systems,
and softwareappear relatively more immune to the
recession and defense cutbacks.

FORECASTING THE S&E JOB MARKET

The most recent studies of the future ti&E job market
(that take into account defense downsizing) yielded
the following conclusions for 1990-2005. Employment
in technical occupations will grow at a faster pace
than overall employment. Employment in technolo-
gy-intensive industries will grow at about the same
rate as employment in general: and surpluses are
more likely to be observed in the S&E job market than
shortages, hut the latter (especially in specific fields)
cannot be ruled out.
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DOCTORAL SCIENTISTS IN THE WORKFORCE

In 1991, approximately 367,000 doctoral scien-
tists and 70,000 doctoral engineers were
employed in the United States. Doctoral scientists
had an extremely low unemployment rate-1.5 per-
cent in 1991. Recently, however, their professional
associations have been documenting employment dif-
ficulties faced by new doctoral recipients, focusing on
the lack of permanent full-time job openings in
academia.

WOMEN .AND MINORMES IN THE S&E WORKTORCE

Women, blacks, and Hispanics are underrepre-
sented in the engineering worldorce and some
of the physical sciences, e.g., physics and geol-
ogy. Some progress has been made, however,
over the past decade. Between 1983 and 1992, the
percentage of women in the engineering workforce
increased from 5.9 percent to 8.7 percent, the per-

Introduction

Chapter Background
The United States produces, nurtures, and maintains

the largest science and engineering (S&E) workforce in
the industrialized world. According to the most recent
government projections, employment in technical occu-
pations will grow at a faster pace than overall employ-
ment during the rest of this centuiy and past the year
2000. But in the early 1990s, the recession, defense-relat-
ed spending cutbacks, reduced research and develop-
ment (R&I)) budgets, and industry downsizing all took
their toll on -&E employment. :Manufacturing S,KE
employment declined for the first time in more than a
decade: unemployment rates rose; recruiting of recent
college graduates declined; entry-level salaries stagnat-
ed; and overall salary growth did not keep pace with that
of other professional occupations. Despite these trends.
scientists and engineers have fared better than almost
every other kind of worker. The tight labor market has
not precluded some s&E-trained individuals from finding
meaningful, challenging work opportunities outside tra-
ditional S&L', occupations.

The contribution of scientists and engineers to a
healthy and competitive economy is vastly dispropor-
tionate to their (less than 4 percent) representation in
the total labor force, because they are responsible for
the advancements in science and technology that lead to
new/improved products and processes that in turn lead
to economic expansion and the universally sought-after

61

centage of blacks increased from 2.6 percent to 4.0
percent, and the percentage of Hispanics increased
from 2.2 percent to 3.1 percent.

Women comprised 18.8 percent of the doctoral
S&E workforce in 1991. While women are well
represented in psychology and fairly well represent-
ed in the social and life sciences, they accounted for
only 3.4 percent of all doctoral engineers in 1991.

ImMIGRANTS IN THE S&E WORKFORCE

The flow of S&E immigrants to the United States
reached an all-time high of nearly 23,000 in
1992. Most of these immigrants were born in the
Far East, rimarily in India, China, and Taiwan. In
addition, unprecedented numbers of scientists and
engineers from the former Soviet Union entered the
United States in 1991 and 1992, accounting for almost
2,400 visas in those 2 years.

higher standard of living. In addition, their value to soci-
ety has been accelerating when measured against a
backdrop of a worldwide economy in which the pace of
technological change is moving rapidly; competition in
the international marketplace is intensifying; and the
quest for solutions to health, environmental, and a host
of other worsening societal problems is becoming
increasingly urgent.

Chapter Organization
This chapter begins with a discussion of ti&E employ-

ment by sector. Employment of scientists, engineers.
and technicians in the industrial sector is examined, fol-
lowed by a discussion of scientists and engineers
employed by the Federal Government. (This chapter
does not contain a specific section devoted to scientists
and engineers employed by colleges and universities.
because they are covered in chapter 5.) Other topics
examined are scientists and engineers engaged in
research and development in the United States and R&D
employment by u.s. companies in other countries.

This chapter also covers the s&E labor market, includ-
ing the impact of defense downsizing on technical
employment and recent efforts to forecast the supply and
demand for technical workers. Separate sections are
devoted to employment trends among doctoral scientists
and engineers and special populations in the SU. work-
force, including women, minorities, and immigrants.
Finally, comparative data on international s&E. employ-
ment are provided.

0 2
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S&E Employment by Sector
Industrial S&E Employment

Most scientists and engineers work in industry. In 1992.
there were nearly 2 million industrial s&E jobs. with engi-
neers outnumbering scientists two to one (l11.s' annual
series). (See appendix table 3-1.)

The rite of growth in industrial s&E empkwment slowed
considerably in the early 1990s. Between 1989 and 1992,
tolal Mdustrial s&E employment increased at an average
annual rate of 1.5 percent. far below the 3.6 percent rate
registered between 1980 and 1989. Despite the slowdown.
the rate of growth in industrial s&E employment outpaced
that for total industrial employment, continuing a trend
that began before 1980. Between 1980 and 1992, the s&E
share of toh 1 industrial employment gradually increased,
rising from 2.1 percent in 1980 to 2.5 percent in 1992.

"Fhe major contributing factor to the increase in indus-
trial s&E employment between 1980 and 1992 was a
doubling in the number of jobs filled by computer spe-
cialists. This group now accounts for more than half of all
scientists employed by industry. Their proportion of total
industrial s&E employment increased from 13 percent in
1980 to 18 percent in 1992.

Industrial S&E Employment in Manufacturing

Manufacturing Employment of Engineers. The
total number of engineering jobs in the manufacturing
sector fell for the first time in more than a decade. In
1992, there were 767,000 engineering jobs in manufactur-
ing. down nearly 5 percent from the level recorded 3
years earlier. This cutback in engineering employment
ended an extended period of engineering job creation.
Between 1977 and 1989, the total number of engineering
jobs in manufacturing increased nearly 60 percent.

In general, the decline in engineering employment in
manufacturing in the early 1990s was across the board.
Four of the live largest engineering specialties, and the
five manufacturing industries employing the largest nurn-
bers of engineers, had reductions. (See figures 3-1 and 3-
2 and "Engineering Employment in the '90s.")

Among the five largest engineering specialties, the
largest pc Tcentage cutback was in aeronautical/astronau-
tical engineering. In this specialty, the total number of
jobs fell 26 percent between 1989 and 1992. The entire
loss appears to have occurred in the transportation equip-
ment industry, which is the largest employer of aeronau-
tical/astronautical engineers. Many of these engineers
were working for aircraft and missiles companies and
were assigned to defense-related projects that are being
curtailed or eliminated. (See 'The Impact of Defense
Downsizing on Technical Employment.")

Job losses in industrial e»gineering numbered 13,000
between 1989 and 1992, the largest absolute decline of

The data in this section were collected by the Bureau of Labor Statistics
in its Occupalkmal Employment Survey.

Figure 3-1.
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any engineering specialty. The transportation equip-
ment industry, the largest employer of industrial engi-
neers in the late 1980s and early 1990s, accounted for 70
percent of the decrease in industrial engineering jobs in
manufacturing.

Figure 3-2.
Number of engineering jobs in selected
manufacturing industries
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Engineering Employment in the '90s

The engineering specialties most adversely affected
by the slow economy and lower defense budgets are
electrical and electronic, industrial, and aerospace. Job
losses among these categories amounted to an esti-
mated 41.000, 25,000, and 23.000, respectively, between
1987 and 1992. (See appendix table 3-7.) Of these three,
aerospace registered the highest percentage loss of
jobs, 22 percent, during the late 1980s and early 1990s.
Not surprisingly, there has been a drastic decline in job
offers to recent aerospace engineering graduates.*

Other engineering specialties appear relatively more
immune to the recession and defense cutbacks:

Environtnental engineers: Enactment of tougher
environmental laws and regulations has increased the
demand for engineers with expertise in toxic waste
disposal, hazardous material handling, and emissions
control. They an:: also serving as consultants, advising
companies on how to minimize the cost of compliance
with environmental laws and regulations.

Civil engineers: The need for increased invest-
ment in public works and the repair/rebuilding of
the aging infrastructure, e.g., subway systems.
bridges, and buildings, in many u.s. cities appears
to have boosted demand for civil engineers.

Chemical and petroleum engineers: Demand
for these engineers has led that for all other engi-
neering specialties for the past several years. The
scarcity of graduates in these two specialties is
reflected in their starting salaries which are high-
er than those received by any other recent gradu-
ates (and which also showed the largest percent-
age gains between 1988 and 1993). The petroleum
refining industty, one of the leading employers of
these two types of engineers, has been less affect-
ed by the recession than most other industries.

Systems and software engineers: Their services
are in great demand, not only in software companies,

but also in hardware firms where emphasis on
state-of-the-art technology is increasingly shifting
from hardware to software (Engineering Man-
power Commission 1992b). In addition, because of
the application of computer technology across all
sectors of the economy, demand for software engi-
neers shows no sign of slowing.

Several recent trends in engineering employment
should be noted:

Demand for engineers has infiltrated almost every
industry, from manufacturing to the service sector.
Their computer, quantitative, and problem-solving
skills provide entree to various industries, including
consulting and other types of service sector firms.**

The increasing use of computer-aided design and
computer-aided manufacturing (CAD/CAM) sys-
tems and other automation tools has brought
about major improvements in productivity across
all sectors of the economy. These technological
advances have also resulted in improved produc-
tivity in the engineering profession itself, because
the amount of (engineering) labor needed to per-
form certain tasks has been falling. For example,
no one doubts that rebuilding the aging infrastruc-
ture will sustain strong demand for civil engineers
throughout the 1990s. But this demand could be
partially offset by increased use of eAD/cAm sys-
tems (Engineering Manpower Commission 1991a).
In addition. the increasing use of automation
allows technicians and other paraprofessionals to
be more easily substituted for engineers.

"For example. recent CalTech engineering graduates did not
receive a single job offer from any of the major aerospace companies
in Southern California (Engineering Manpower Commission 1992b).

*At least one quarter of the 1,600 new graduates hired in 1992 by
Anderson Consulting, the information systems consulting arm of the
Arthur Anderson accounting firm, majored in engineering. See
Engineering Manpower Commission (1992b).

Ten thousand electrical/electronics engineering jobs
were lost between 1989 and 1992. The largest cutbacks
wereagainin the transportation equipment industry,
and also in the electrical equipment industry. These
losses amounted to 6,000 and 5,000 jobs, respectively.
There was, however, a small increase in electrical/elec-
tronics engineers in the machinery industry.

There were fewer mechanical engineering jobs in 1992
than 3 years earlier. Reductions amounting to 3,000 jobs
in the machinery industry and 2.000 in the electrical
equipment industry were only partially offset by increas-
es in the transportation equipment and instruments
industries.

Of the five largest engineering specialties, only chemi-

cal engineering showed a gain for the 1989-92 period.
Employment in this field had been declining during the
mid- and late 1980s. but a turnaround in the early 1990s
increased the total number of jobs in this field by 9 per-
cent between 1989 and 1992.

Manufacturing Employment of Scientists. Unlike
engineering, the total number of scientists' jobs in manu-
facturing increased during the early 1990s. but at a much
slower pace than that registered during the mid- and late
1980s. There were approximately 9,000 more scientists
working for manufacturing firms in 1992 than in 1989.
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During that 3-yttar period the number of biological scien-
tists increased by (000. or 1fi percent. Most of this
increase occurred in the chemicals and allied products
industry which includes drug manufacturers. This large
increase, and a modest increase in the number of com-
puter specialists, however, were offset by small declines
in other scientific specialties. including chemistry and the
mathematical sciences.

Manufacturing Employment of Technicians. Over-

all, there was a more than 10-percent decline in the total
number of technician jobs in manufacturing between
1989 and 1992. The four largest groups within this cate-
goryelectrical/electronics engineering technicians.
drafters, computer programmers, and chemical techni-
ciansall had reductions. The largest declines were in
electrical/electronics engineering and computer pro-
gramming, with job losses amounting to 23,000 and
21.000, respectively, between 1989 and 1992. As with
engineers, the loss in technician jobs was widespread
across industries. For example, the four manufacturing
industries employing the largest numbers of technicians
all had reductions between 1989 and 1992. The losses
ranged from a reduction of 21,000 positions in the
machinery industry to a loss of 5,000 positions in the
instruments industry. (See figure 3-3.)

Industrial S&E Employment in Nonmanufacturing
In the late 1980s, the nonmanufacturing sector overtook

the manufacturing sector in terms of total S&E, employ-
ment. This changeover is largely attributable to growth in
the number of jobs for computer specialists. In 1980, com-
puter specialists accounted for one out of every five scien-
tists and engineers employed in the nonmanufacturing
sector; in 1992, they accounted for nearly one out of four.

Figure 3-3.
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Nonmanufacturing Employment of Engineers.
There were nearly (l)0,000 engineering jobs in the non-
manufacturing sector in 1992. In contrast to the decline in
engineering employment in the manufacturing sector in
the early 1990s. the number of jobs in the nonmanufac-
turing sector increased 8 percent between 1989 and 1992.
Most of the gain occurred in the engineering and com-
puter services industries.

Nonmanufacturing Employment of Scientists. In

1992, the nonmanufacturing sector employed approxi-
mately -160,000 scientists, a 16-percent increase over the
level recorded for 1989. More than half these jobs were
filled by computer specialists; the total number of these
scientists increased 10 percent between 1989 and 1992.
The number of jobs in the other scientific specialties.
although far fewer in number than those for computer
specialists, had higher rates of growth during the 1989-92
period, ranging from nearly .10 percent for social scien-
tists to 16 percent for mathematical scientists.

Nonmanufacturing Employment of Technicians.
The total number of technicians employed by the non-
manufacturing sector increased from 920,000 in 1989 to
950,000 in 1992. Most of this increase occurred in the
computer services industry which gained 18,000 techni-
cian jobs during this period.

Federal S&E Employment
The Federal Government employed approximately

170,000 scientists and 115.000 engineers in 1991, making
it the single largest employer of scientists and engineers
in the United States (ont 1985, 1991).2 (See appen(lix
table 3-2.) Over one-fourth of the scientists and engineers
employed by the government are engaged in research
and development, this segment of the federal sm.: work-
force is concentrated in laboratories run by the
Departments of Defense (nt , Agriculture, Health and
Human Services; and the National Aeronautics and Space
Administration (NASA). The other three-fourths of the fed-
eral S&E workforce are responsible for managing natural
resources; data collection and statistical analysis; devel-
opment, implementation, and enforcement of government
regulations; construction of public works projects; testing
and evaluation; and administration of s&E activities (NRct
1993, p. 17).

The Department of Defense is the government's largest
employer of both scientists and engineers, accounting for
one out of every three federally employed scientists and
two out of every three engineers. (See figure 3-1.) In gen-
eral, the impact of defense downsizing on S& E employment

'these data were collected by the Office ot Personnel Management.
The numbers do not include scientists and engineers working at federal-
ly funded research and development centers, or those working at organi-
zations (e.g., colleges and universities, national laboratories, or industrial
firms) that receive federal grants and contracts. For additional informa-
tion on how these data were collected, see .-,16 ( 1 989).
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(see *The Impact of Defense Downsizing on Technical
Employment") is not yet reflected in government employ-
ment statistics Crust as it is not yet reflected in federal mo
expenditure datasee chapter 4). Between 1985 and
1991, I too's employment of scientists and engineers
increased 8 and 11 percent. respectively. During this period,
however, there were cutbacks in several ti&E. fields,
including mathematics and statistics and civil, industrial.
and chemical engineering.

Employment of Scientists. Between 1985 and 1991,
the number of scientists employed by the Federal
Government increased about 16 percent. Most of this
growth was fueled by a 32-percent increase in the employ-
ment of computer scientists. By 1991. this group outnum-
bered all other sm-: occupational groups, accounting for
53,000 federally employed scientists. Half these computer
scientists were employed by non. The "Ireasury Depart-
ment had the second highest number (5,300). Employ-
ment of computer scientists by this agency increased 83

percent between 1985 and 1991.
Life scientists are the second most prevalent s,K: I group

within the federal workforce. Three out of five of the more
than 37.000 scientists classified in this occupational group
in 1991 were employed by the Agriculture Department.
The Interior Department had the second highest number
(5,700), followed by Health and Human Services (3.300).

The latter had a 46-percent gain over the number report-
ed in 1985. There was an across-the-board increase in
Health and Human Services programs during the late
1980s: a substantial part of the growth in employment of
life scientists is probably attributable to increased funding
for the National Institutes of Health's health research on
Anis and other diseases. (See chapter 4.)

Employment of Engineers. Total federal employ-
ment of engineers increased 12 percent between 1985

and 1991. The most prevalent engineering specialty with-
in the federal workforceaccounting for over 30 ix_ 7cent

of the total number of engineersis the electrical and
electronics subfield. NAsA, which employed 12,000 engi-
neers in 1991. ranks a distant second to non in engineer-
ing employment. NASA, however, increased its hiring of
engineers 30 percent between 1985 and 1991.

R&D Employment

R&D Employment in the United States
In 1989, an estimated 950,000 scientists and engineers

were employed on a full-time-equivalent (vrE) basis in
R&D in the United States. Approximately three-fourths of
these R&D professionals were employed by industrial
firms. roughly 18 percent by academic institutions, and 6
percent by federal agencies (sRs 1992b, pp. 29 and 63).
(See appendix table 3-3.)

The rate of increase in R&D spending in the United
States slowed after 1985 (see chapter 4, "National R&D

65

Figure 3-4.
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The Impact of Defense Downsizing on Technical Employment

'Ile end of the Cold War has meant a dramatic cur-
tailment in overall defense spending (see chapter 1 for
a discussion of (lefense w&li funding) that has adverse-
ly aftected S&E employment. Defense cutbacks began in
1988 and are likely to escalate during the next few
years. Therefore. the full impel of the "peace dividend-
on s&E employment is unknown. Bureau of Labor
Statistics (uis) estimates made in early 1993 show the
United States losing more than 700,0(X) defense-related
civilian jobs between 1987 and 1992, and an additional
1.3 million jobs between 1992 and 1997a 40-percent
reduction over the 10-year period (Saunders 1993, p. 3).
(See figure 3-5 and appendix table 3-10.)

Although scientists and engineers comprise only 3
to 4 percent of the total r.s. labor force, they account
for a higher proportion-8 to 9 percentof all defense-
related civilian employment. (Technicians account for

Figure 3-5.
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an additional 6 percent of (lefense-related civilian
employment.) In 1987. approximately 16 percent of the
engineers and 11 percent of the (natural, computer.
and math) scientists working in the United States were
involved in defense work. 'Mose percentages dropped
to 13 and 8 percent, respectively, in 1992.

Engineers are heavily represented in industries that
produce military-related hardware and software. In the
aerospace industry, they accounted for one-fifth of all
jobs, and ill the electronic components and communi-
cation equipment segments of the electrical equipment
industry, they held 12 percent of all jobs in 1992. So
engineers working in these industries are more likely
to have their job security threatened than those work-
ing in other industries (Engineering Manpower
(_onlmission 1991a). The percentage of the total engi-
neering workforce invi)lved in defense-related work.
however, is much lower today than it was 25 years ago.
The number of engineers employed by the
Department of Defense and prime and subcontractors
in 1990 was only slightly higher than the number
employed in 1967 (at the height of the Vietnam
buildup). In contrast, during the same period (1967-
90), the total number of engineers increased about 50
percent (R. Rivers, cited in Bell 1990, p. 39).

Engineering is one of the fields most affected by the
defense drawdown. According to BIS projections,
129,000or more than two out of five engineering
defense-related jobshave been or will be lost between
1987 and 1997. Most of the losses have occurred or will
occur in the electrical/electronics, aeronautical/astro-
nautical, mechanical, and industrial engineering special-
ties. Another hard-hit group will be those employed in
computer, inathematical, and operations research spe-
cialties. where tile total number of jobs is expected to
decline from 6000 in 1987 to 54,500 in 1997. Physical
scientists have experienced or will experience fewer job
lossesa total of 6,700 during the 10-year periodbut
this number represents one-fourth the total number of
defense-related jobs that existed in 1987. Technician
employment is expected 1..o decline by one-third over the
10-year period. (See figure 3-8.)

tt&D employment is also being adversely affected by
defense budget cutbacks. The number of federally sup-
ported Fri: R&D scientists and engineers working for
firms classified in the aircraft and missiles industry (the
largest employer of federally funded RS:o personnel)
declined 20 percent between 1989 and 1991. Employ-
ment of these R&D professionals declined 6 percent in the
electrical equipment industry .(the second largest
employer) and 47 percent in the machinery industry dur-
ing the same 2-year period (sks forthcoming [bp.

For perspective, it is important to emphasize that
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given the size of the economy. defense downsizing
is "unlikely to cause a short-run macroeconomic catas-
trophe" (Brauer and Marlin 1992, p. 148). Fewer than 1
percent of all t..s. workers will be affected over the next
5 years (Kosiak and Bitzinger. 1993). Only a few pock-
ets of die economy, i.e., only a few industries. occupa-
tions. and communities. are likely to suffer measurable
injury. For example:

+ Some companies currently producing military hard-
ware will be unwilling or unable to convert to prod-
ucts for the civilian market. Some companies have
already chosen to downsize rather than venture into
new markets. (See Washington Post 1992.)

Some engineers who have spent their entire
careers in the defense industrythose who have
become highly specializedmay have difficulty
finding civilian sector jobs. (Defense workers also
tend to be older: this, despite their job experience.
make.- them less desirable for retraining and
employment by civilian firms. See o la 1992).
Finding another job is also likely to mean reloca-
tion, a condition some unemployed engineers
have been unwilling to accept (Engineering
Manpower Commission 1991a).

Some regions of the countrythose most heavily
dependent on the defense industiywill experi-
ence at least a short-term expansion of their unem-
ployment rolls. The states most adversely affected
are Washington, California. Afiz:ma. Texas,
Missouri. and almost all New England states: the
DC-Nlaryland-Virginia area and Long Island, New
York, are also likely to suffer the consequences of
reduced military budgets. For some regions, such
as the Los Angeles area, the defense cutbacks will
continue to exacerbate an already severe unem-
ployment problem: while others with more diver-
sified economies are unlikely to experience as
much hardship (Brauer and Marlin 1992).

The expected unemployment of scientists, engi-
neers, and technicians brought about by the end of
Cold War hostilities is likely to be mitigaV by defense
conrersioni.e.. federal support shifted from military
to civilian technology advancement may mean that the
loss in defense jobs will be of !Set by the creation of new
opportunities in emerging industriesand by
increased demand for highly skilled workers to main-
tain international competitiveness (Atkinson 1990).
(See chapter 4 for a discussion of various defense con-
version projects and programs.)

Spending Patterns.) The average annual rate of increase
in inflation-adjusted national km) expenditures was 1.9
/iercent between 1985 and 1989, compared to 6.6 percent
between 1980 and 1985. There was a corresponding slow-
down in the rate of increase in km) s&F. employment dur-
ing this period, with the average annual rate dropping
from 3.:; percent during the first half of the decade to 3.1
percent between 1985 ;itid 1989.

Althmigh km) scientists and engineers comprise less
than 1 percent of the t..s. labor force, the rate of growth in
the number of these professionals has been exceeding
that for the entire t..s. labor force. As a result, the m
proportion of the u.s, labor force has been increasing
-:teadily since the mid-1970sfrom ss km) scientists and
engineers per 1(1.000 labor force population in 1976 to 76
in 1989. (See figure 3-17.)

Industry's employment of mi) scientists and engineers
declined in the early 1990sfrom 730.000 in January
1990 to 684,00(1 in January 1992 (sks forthcoming IN).
Defense downsizing appears to be causing a reduction in
the number of industrial scientists and engineers
assigned to government R&D contracts. (See "The Impact
of Defense Downsizing on Technical Employment.")

Nearly half the doctoral scientists and engineers
employed by industrial firms. and over a third of those
employed by academic institutions, were primarily
engaged in the conduct of research and development in
1991. (See appendix table 3-1.) In industry, most R&I) sci-
entists with doctoral degrees work in applied research:

most k& I I nigineers are assigned to development
activities. In academia. most doctorate-holding scientists
primarily cngaged in ta!) are working on basic research
projects: most engineers are invcilved in applied research.
(See figure 3-6.)

. -/ Employment by U.S. Companies in
Other Countries

Industrial km) is becoming increasingly globalized.
companies expenditures on mo performed outside

the United States rose dramatically during the 1980s
(see chapter .1). A myriad of factors is responsible for
the upsurge in km) spending abroad. Companies are
compelled to conduct more km) outside the Vnited
States to compete in rapidly expanding worldwide mar-
kets. To obtain or expand overseas sales, it has become
increasingly necessary to tailor products to meet spe-
cific needs and requirements of foreign customers. In
addition, companies have been acquiring laborato-
ries in other countries at a record paceespecially in
Japan. but also in Europe. other Asian countries. and
Canada. Foreign workers competence. technical skills,
and affordability are some of the factors influencing
the decisions to build and/or acquire existing foreign
laboratories.

In 1989 (the most recent year for which (lata are avail-
able). total MI) employment (including scientists, engi-
neers. managers. and other professional and technical
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Figure 3-6.
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employees) by Ls. companies ;n other countries reached
95,000-7.6 percent higher than the level reported in
1982..' (See appendix table 3-5.) Most of these MD employ-
ees-71 percent in 1989are located in Europe.
Germany and the United Kingdom had the highest num-
bers of t..s. R&D employees-24,000 and 20,000, respec-
tively. (See figure 3-7.)

In 1982, 4.3 percent of employees working for Ls. affili-
ates in Germany were engaged in mo, the highest propor-
don of ally country:Japan ranked second at 3.8 percent. But
t companies' mn employment in Japan increased more
than 150 percent between 1982 and 1989, the highest rate of
growth reported for any country. Thus, by 1989, the pro-
portion of Ls. Japanese affiliates total employment engaged
in R&D had risen to 5.9 percent, the highest of any counny.1
The United Kingdom had a reduction (13 percent) in R&D
employment by u.s. affiliates between 1982 and 1989.

.Data in this section were collected by the Bureau of Economic
Analysis in its 1952 and 1989 Benchmark Surveys of t .s. Direct
Investment Abroad. Data on k&D employment are collected only in
"benchmark" survey years: 1982 and 1989 are the two most recent years
for which data are available. For more detailed information about the
methodologies and definitions used in conducting these surveys, see
BLA (1985 and 1992).

'According to one study, the primary reason t.s. companies hiwe been
establishing laboratories in Japan is to develop products sp«.ifically for
the Japanese market (sits 1991).

The leading industry in terms of R&I) employment
abroad in 1989 was transportation equipment (20.400
employees): it was followed by the chemicals and allied
products industry with 18.700 R&D employees. (See figure
3-6 and appendix table 3-6.) The office mid computing
machines segment of the machinery industry had the
largest absolute increase-5.300 employeesin km)
employment in the mid- and late 1980s (84 percent higher
than the um) employment level reported in 1982). In the
nonmanufacturing sector, R&D employment in the finance
and services industry nearly doubled between 1982 and
1989, rising from 3,600 to almost 7,000 employees.

Several industries had reductions between 1982 and
1989 in R&D employment abroad by Ls. affiliates. The
largest decline-5,700 employeesoccurred in the elec-
trical equipment industry.

In most industries, R&D employment grew at a faster
pace than overall employment by v.s. affiliates. All seg-
ments of the chemicals industry and the office and com-
puting machines segment of the machinery industry had
the largest increases in this measure of R&D intensity.

S&E Labor Market Conditions
A few years ago, reports of impending S&E personnel

shortages were common.' More recently, however, the
focus has been on possible surpluses. because the rees-
sion, downsizing of the defense industry (see -The Impact
of Defense Downsizing on Technical Employmenn, and
(to a lesser extent) immigrant scientists and engineers
from the former Soviet Union and Eastern Bloc countries
are all currently disrupting the r.s. S&E labor market.

Predictions of shortages or surpluses of s&E personnel
should be treated with caution. At any point in time, for
any field. there may be shortages or surpluses. But in a
free market economy, these shortages or surpluses are
eventually eliminated. u.s . labor markets are flexible
changes in supply and demand trigger fairly quick
responses in terms of both degree production and mobil-
ity within the labor force. Moreover, employers can be
( xpected to deploy a number of strategies to avert a
prospective labor shortage.'

For example, Atkinson (199M wed that "all the models that are
used to project supply and demand for scientists and ei ginvers.
although differing on quantitative details, come to the same fundamen-
tal conclusion: that unless corrective actions are taken immediately, all
sectors of society will begin to experience shortages of scientists and
engineers in die next 4 to ei years, with shortages becoming significant
during the early years of the next century." And. in 1959.67 percent of
the member companies responding to an Aerospace Industries
Association survey reported current shortages of scientists and engi-
neers: 83 percent anticipated shortages in the future (Aerospace
Industries Association 1989).

'for example. they can lower hiring standards by eliminating
advanced degree requirements. employing individuals trained in relat-
ed fields, or assigning more responsibilities to technicians. In industry
in particular, transferring individuals front one specialty to another.
revising degree requirements for particular positions. and retaining are
routine. Employers can also increase their hiring of immigrants, or they
can move their operations r. ishore to countries that have a plentitu I sup-
ply of workers with the skills they need.
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-.&r. labor n.arkets are more flexible in some ways than
those tor other occupations. Scienfists and engineers are
generally highly trained and well-educated in analytically
based fields. This background can serve them well in a wide
atmay of non-s&E occupations. An increasing number of sci-

entists and engineers in fact have been pursuing careers in
business, law, and other professionsoccupations that
have a growing need for their expertise (Holden 1991).

&t 2. labor markets are also less flexible in some ways
than those for other occupations due in part to the long
educational pipeline. When the demand for S&E personnel
exceeds the supply, employers usually increase salary
levels in an effort to attract the workers they need. Rising
salaries tend to induce more students to study in fields
with shortages, thus eventually increasing supply. But
because of the time it takes to complete a formal educa-
tion. the demand/supply imbalance may persist for sev-
eral years, stretching out even longer if the unmet need is
for doctoral scientists and engineers.

S&E Unemployment and Underemployment

Although scientists and engineers are less likely to be
unemployed than other types of workers (the overall
1993 third quarter unemployment rate was 5.9 percent),

unemployment rates have been increasing for the
past couple of years.7especially among engineers (see

In the most rvcent American l:heinical Society survey, 1.0 percent of
the respondents reported that they were without jobs but seeking
employment. the highest unemployment rate registered by this survey
since 1983, when a 2.2-percent unemploynwnt rate was recorded. See
Brennan. Rawls. and Zurer (19021.

Figure 3-7.
R&D employment by foreign affiliates of U.S. companies
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"Engineers: Shifting Employment Opportunities and
Trends")and are higher than those for other profes-
sional specialty occupations, including physicians,
lawyers, and teachers. (See appendix table 3-11.) The
1993 (third quarter) unemployment rate for all engi-
neers stood at 3.8 percent: for all natural scientists, it
was 3.0 percent: and for all mathematical and computer
scientists, it was 2.2 percent. (See figure 3-9.)

In addition to unemployed scientists and engineers,
there are also underemployed S&L:. professionals. Although
data on S&F. underemployment are scarce, the most
recent data on doctoral underemployment suggest that
few Ph.D. scientists and engineersfewer than 2 per-
centare underemployed (sits forthcoming [a]).'

New S&E Entrants

The most recent information on entry-level hiring
indicates that the demand for college graduates fell
sharply during the 1990s." Organizations that track
entry-level hiring of college graduates all report a
reduction in recruiting by employers and in the num-
ber of job offers made to new bachelors degree

definition of underemployment used here refer.; to (loctorate-
holding scientists and engineers who are either (1) holding pan-time
positions when they would have preferred working full time, or (2)
working in non--&E Occupations when they would have preferred s&E
jobs.

lit.s analyses and forecasts predict that the number of college gradu-
ates working in jobs traditionally not requiring a 4-year college degree
will increase during the 1990s and into the next decade. See Shelley
(1192) and I lecker It 092).
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Engineers: Shifting Employment Opportunities and Trends

An estimated 1.6 million pmple were employed as
engineers in the United States in 1992. The engineer-
ing workforce contracted during the late 1980s and
early 1990s, losing nearly 50,000 members between
1987 and 1992. (See figure 3-8.) At the same time. the
unemployment rate for engineers doubled, increasing
from the traditional level of around 2 percent to 3.8
percent in the third quarter of 1993. (See appendix
table 3-11.) The unemployment rate for engineers is
now higher than it was during the "aerospace reces-
sion" of the early 1970s and is also higher than the 2.8-
percent unemployment rate for all professional
specialty occupations combined. In aition, recent

Figure 3-8.
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engineering graduates are having more difficulty than
their 1980s predecessors in landing their first jobs.*
But despite the weaker employment conditions faced
by new engineering graduates, hardly any are forced
to join the ranks of the unemployed, and compared to
graduates who majored in other disciplines, they are
better off in terms of the number of employment
offers and in the salaries they receive.

All of these observationsthe shrinking workforce,
the rising unemployment rate, and the falloff in
employer recruitingindicate that the engineering
profession is currently feeling the pin,:h of the reces-
sion, cutbacks in defense spending, and industry
downsizing. These numbers, plus the sluggish growth
in salaries relative to other professional occupations,
could discourage students from seeking engineering
careers.** Engineering training, however, can be a
useful entree into nonengineering jobs. In addition to
engineers' key role in innovation and the design, pro-
duction, and marketing of new/improved goods and
services, engineering training has been found to be a
good prerequisite for management, law, and even
medicine. It is much easier to teach marketing and
management skills to an engineer than it is to teach
engineering to business graduates (Engineering
Manpower Commission 1991b). The United States is
following a pattern established in Japan. That is, indi-
viduals with engineering backgrounds are entering
management and finance in greater numbers than in
the past (Engineering Manpower Commission 1990).

'Even the top engMoering schools reported significant reductions
in the number of job oilers received by their students. For example.
Stanford University graduates were used to receiving live to seven
job offers each: that number is now down to one or two (Wall Street
Journal 1993). Also, many university placement directors are report-
ing that more engineering bachelors degree graduates were plan-
ning to attend graduate school. But many of these recent graduates
were not continuing their education in engineering. For example, at
the Massachusetts Institute of Technology, the number of engineer-
ing graduates applying to medical school rose nearly 40 percent
between 1991 and 1992. See Engineering Manpower Commission
(1992b).

**A small decline in students seeking engineering careers did
occur during the 1970-72 "aerospace recession." See Engineering
Manpower Commission (19910-
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i.ecipients. Although all recent college graduates have
been affected by the decrease in recruiting activity. sm..
graduates are faring better than those who majored in
other disciplines (College Placement Council 1991).

In-Field Employment

The percentage of scientists and engineers who remain
in sm, occupations (as opposed to the number who leave
science and engineering to pursue careers in other
fiekls). yields important information about the career
paths of individuals trained in sm.: fields and the supply
and demand for their services. Data on s&t: employment
of recent college graduates show the proportion of recent
s&t:. bachelors degree candidates working in st :.. related
jobs within 2 years following graduation increasing from
53 percent in 1980 to 58 percent in 1990 (sits 1982 and
1992a). This trend is one of several indicators that a lot of

I j((b creation occurred during the 1980s.
I. employment rates vary widely by field. Recent

11988 and 1989) graduates with bachelors degrees in the
social sciences and psychology had relatively low s&i .
employment rates-2(i percent and 27 percent, respec-
tivelyin 1990. in contrast, recent graduates who majored
in the computer, environmental, or physical sciences had
much higher rates of sm.. emp1oyment-85 percent, 77
percent. and (i8 percent. respectively. These rates are
comparable to those for the engineering specialties. In
1990, employment rates exceeded $O percent in all but
one of the engineering disciplines.

In-field employment ratesi.e.. the proportion of grad-
uates employed in the fields in which they got their
degreesare much lower than s&t :. employment rates.
(See text table 3-1.) Not surprisingly, masters degree
recipients are far more likely than tlmse with only ()ache-
lors degrees to be employed in the fields in which they
got their education. About Of percent of ail recent (1988
and 1989) n tasters degree recipientscompared to 38

percen, of all recent bachelors degree recipientswere
employed in their major fields of study in 1990.

Col!ege graduates who do not seek immediate employ-
ment usually enter graduate school. Approximately 20
percent of 1988 and 1989 s&f, bachelors degree recipients

"the downturn in corporate recruiting on orliege campuses has been
tracked and documented by Patrick Sheetz. in Michigan State University's
Recruiting Trends serius,by Victor Lindquist in Northw('stern University's
Lindquist Endieutt Report by the College Placement Council. and by
Valerii 1;1W will/ maintains the Jr >1) 1 )pportunity /3aromi-ter (Or Graduati»g

Engineer. Colkge Placement Council data show the number of corporate
recruiters vlsiting each college campus dropping from an average of -12 in

1956 to 2:1 in 1993. "111c Job Opportunity Barometer published in March
1992 ,Iiimed engineering recruitment down 22 twreent from March 1991

to March 11192. Anierk-an Chemical Society in its 1993 employment
outlook rep wts that "the job outlook for newly graduated clienfists and
chemical engineers remains gloomy.- (According to the American
Chemical Society, however, there is one "bright spot"---demand for chem-
ical Kr ifessionals by drug and consumer product companies remains
stilmg.1 Anecdinal information has also appeared frequently in the science
press. For example. the June 8. 19112. issue of the Scientis( contains a report
on tin' dropott in job offers at Called) for students who specialized in acrn-
ninnies. computer sciet ce. physics. and mechanical engineering.
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were attending graduate school full time in 1990, down
front 23 percent 10 years earlier (another indicator of
healthy job creation during the 1980s). Interestingly,
over one-third of the 1988 and 1989 s& I.: bachelors degree
recipients attending graduate school full time in 1990
were pursuing professional degrees in medicine. den-
tistry, law. or business."

Attachment Rates

Little information is available on attachment rates of
t S. scientists and engineers. Rough estimates show that
itt the mid-1980s. fewer than half of those with degrees (at
all levels) in engineering, and fewer than one-quarter of
those with degrees in the natural sciences were
employed in S&E occupations (Citro and Kalton 1989, p.
50). The rate was below 1(1 percent for social science
majors. I:or those with masters or higher degrees in
either the natural or social sciences, sm,_ employment
rates were considerably higherovi T one-third and near-
ly one-quarter, respectively. (There is relatively little dif-
ference in the S&E employment rates of engineers with

"Unpublished tabulations Irom si's 1990 Survey in Natural ;toil
Social Science and Engineering Graduates ...how that one-third or rhe
1985 and l9;i9 bachelors degree recipient, ho majorod in the physical
or life sciences and were in graduate ',drool lull time in 1990 wore in

medical school: 43 percent 01 the graduate students who majored in the
social sciences were in law school.

Figure 3-9.
Science and engineering unemployment rates,
by occupation
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Text table 3-1
S&E and in-field employment rates of 1988 and 1989 S&E graduates. by degree field: 1990

Degree field

S&E occupation Employed in field

Bachelors Masters Bachelors Masters

Percent

Total science and engineering 57.6 82.2 37.8 59 0

Sciences. . ..... . 47.6 77 1 33 2 59.6

Physical sciences 67.9 86.3 35.6 43.4

Mathematical sciences/statistics 66.2 83.3 39.6 57.4

Computer sciences 85.3 89.2 81.5 77.2

Environmental sciences .......... 76.6 92.5 56.1 69.4

Life sciences . 54.3 76.1 38.4 59.0

Psychology 27.2 57.8 9.9 48.1

Social sciences 26.0 55.2 14 1 43.5

Engineering 86.1 92.0 50.7 57 8

Aeronautical/astronautical . 77.6 85.7 48.9

Chemical ..... 88.5 100.0 49.6

Civil . ... 89.4 95.2 71.1 69.1

Electrical/electronic. 88.1 94 3 53 3 57.7

Industrial . 80.0 72.7 42.2 26 5

Materials . 84.6 100.0

Mechanical 88.7 94.1 44 3 60.4

Petroleuni 100.0 100.0

NOTES. = no rate was computed for groups with fewer than 1.500 individuals in labor force S&E science and engineenno

SOURCE. Science Resources Studies Division. National Science Foundation. Characteristics of Recent Science and Engineering Graduales 1900
(Washington. DC. Nsn

bachelors or masters degrees.) At the doctoral level. s&
employment rates reach and exceed 90 percent: only
those with doctorates in f he social sciences have
employment rates dipping much below 911 percent. (See
text table 3-2.)

S&E Salaries

Examining trends in salaries paid to workers is an impor-
tant way of assessing the demand for labor. because rising rel-

Science & Engineering Indicators 1993

ative wages usually indicate a scarcity of available workers.L'
In general, scientists titcl engineers eam considerably

more than most workers, and engineers earn more than sci-
entists. In fact, engineering compensation is better than in
most protessions: Only lawyt Ts. iThysicims, aml pharmacists
make more ffian engineers. (Sce appmdix table 3-12, figure

\mimic iiccurrril li Ow l :mod
',talcs first hcuan lii ,..perii.nci. an acuir
-_;ilarii' I lave bccti lastcr thosc !or almost all ()Owl- pro-
icssi(inal occupations.

Text table 3-2
Employment of scientists, engineers, and technicians: 1990 and projected for 2005

Occupation

1990

Total employment
-------

2005

LOW Moderate High Low

Change
1990-2005

Moderate High

-Thousands Percent

Total, all occupations. 122,573 136,806 147.191 154,543 11 6 20.1 26.1

All scientists, engineers, and technicians . 5.650 6,177 7,606 8.964 9.3 34.6 58.7

Engineering, math. & natural science managers . . 315 337 423 505 6.8 34.2 60.0

Engineers 1,519 1.489 1,919 2.332 (2.0) 26.3 53.5

Life scientists 174 194 230 264 12.0 32.3 52.4

Computer. math. & operations research analysts . . 571 835 987 1,127 46.2 72.8 97.3

Physical scientists 200 187 241 294 (6.4) 20.5 47.6

Social scieniists 224 296 320 342 32.3 42.8 52.6

Eng./science technicians & computer programmers 2,647 2,839 3,486 4,099 7.2 31.7 54.9

NOTE: Assumptions concerning the impact of defense downsizing on employment were included in the three scenarios.
SOURCE: Bureau of Labor Statistics. Monthly Labor Review. November 1991 and February 1992 (Washington. Da Science & Engineering Indicators - 1993
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Engineering Salaries

Since 1987, engineering srdaries have barely kept
pace with inflation. an indication that although there
are or 'nay have been some shortages in some engi-
neering disciplines, they were not severe enough to
cause a constant-dollar increase in the price of engi-
neering services. -The sluggish growth in salaries lean
be I attributed to a large pool of available engineering
talent, defense budget cuts, and downsizing in indus-
try, which increased the number of engineers in the job
market" (Engineering Manpower Commission 1992a).

According to iris data, the median annual salary for
all engineers was $44,820 in 1992. Two other organiza-
tions, the Engineering Workforce Commission and the
National Society of Professional Engineers, peg the
1992 median at ..;52,150 and $58,240, respectively.

Approximately 1.3 million engineers work for indus-
trial firms. According to data from the Engineering
Workforce Commission, the me:iian annual salary of all
engineers working in industry was $54,900. (See ap-
pendix table 3-8.) These data also reveal the following.

Pay is somewhat higher in nonmanufacturing
than manufacturing industries-856,150 versus
$53,850.

Engineers working in the petroleum refining indus-
try have the highest median annual salary among
manufacturing industries; it was $72.500 in 1992.
Those working in the chemicals, drugs, and plastics
industry reported the second highest median annu-
al salary$65,400. Among all manufacturing indus-
tries, mink ;ring salaries in these two industries
exhibited about the largest percentage increases-
27 to 28 percentbetween 1987 and 1992.

Among nonmanufacturing industries, research
and development organizations paid engineers the
highest median annual salary$63,500in 1992.

The median annual salary received by engineers
(both supervisors and nonsupervisors) at the bach-
elors degree level rose 19 percentfrom $44,150
to $52,550between 197 and 1992. (See appendix
table 3-9.) Engineers at the masters degree level
saw their median annual salary increase only 14
percentfrom $51,950 to $59,350. Doctoral
salaries rose 1.8 percentfrom $59,700 to $70,600.
(Only about 4 percent of the engineers working in
industry have doctoral degrees. See Engineering
Manpower Commission 1992a.)

In 1992, nonsupervisory engineers with masters
degrees made an average of about $6,000 more
per year than engineers at the bachelors degree
level. The Ph.D. premiumthe salary differential
between those engineers holding doctorates and
those with masters degreeswas about $10,000.

Engineers with supervisory responsibilities make
an average of about $20,000 more per year than
those without supervisory responsibilities.

The starting pay of recent engineering graduates
has been increasing at a faster pace than the medi-
an salary paid to experienced workers. This "com-
pression" or narrowing of the range of compensa-
tion between younger and older engineers indicates
that the relative value of experience in the work-
place has been declining (Engineering Manpower
Commission 1992a).

Ind "Engineerir rg Salaries.")
Besides Ix lower than the salaries ot doctors and

lawyers, scientists" and engineers' salaries have been
increasing at a slower pace. Between 1987 and 1992. the

median salaries of natural scientists and engineers increased
about 20 percent. Salarie, tOr mathematical and computer
scientists increased somewhat faster (28 percent). These
gains, however, did not match those for other occupatkms

that require training btTond undergraduate school.
Physicians' median annual salaries rose 44 percent and
lawyers' increased 33percent during the same time period."

Beginning Salary Offers

)espite the tight labor market, most recent s&E gradu-
ates continue to command increasingly higher starting

Two other t,:cuptionsnychology and registered nursingalso
-gistered large t:17 to :;8 iwrcentl incdian annual sdary iticrease

bctween 1987 and 1992.

salaries than they did a few years earlier. Ile rate of
increase, however, appears to have slackened after 1990.

Among all bachelors degree candidates, chemical and
petroleum engineering majors received the highest start-
ing salary offe-s, averaging 839,500 and $38,400, respec-
tively, i» 1993. (See appendix table 3-1:1.) Average starting
salary offers in these two fields also exhibited large aver-
age annual percentage increases-5.0 and 31 percent,
respectively, between 1988 and 1993. nese gains were
higher than those registered by any other fieldexcept
nursing, which had a 5.6-percent average annual increase
during the same period.

Recent engineering, computer science, physics, mathe-
matics, and chemistry bachelors degree recipients
receive lugher salary offers than graduates in almost
every other field. In 1993, starting salary offers exceeded
830,000 in all engineering disciplines (except civil engi-
neering) and in computer science. (Nursing was the only
other major with a starting salary above $30,000.)
Chemistry, physics, and mathematics were close behind

le4
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Figure 3-10.
Median annual salaries of full-time workers
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with average starting salary offers of S28,000, 826,800,
and S26.500, respectively. 'Hie beginning salary offers
received by recent undergraduate degree recipients who
majored in the biological sciences, psychology, and soci-
ology were considerably lower. In 1993. the figures for
these majors were between S20,000 and S23,000.

In general. the r ite of increase in starting salary offers
slowed after 1990. For example. between 1990 and 1993.
beginning salaty offers in aerospace/aeronautical engi-
neering increased at an average annual rate of 1.2 per-
cent, far below the 4.1-percent rate registered between
1988 and 1990. Similarly, the average annual rate of
increase for civil engineering majors fdl from 4.8 percent
between 1988 and 1990 to 1.3 percent between 1990 and
1993. In addition. students who majored in the biological
sciences. mathematics. physics, and psychology received
on average lower salary offers in 1993 than their counter-
parts received in 1990,

Forecasting the S&E Job Market
Forecasting supply and demand for scientists and engi-

neers is an extremely difficult (see Vetter 1992a and 1993
and Fechter 1990), and rarely accurate (see Leslie and
Oaxaca 1990), undertaking. For example, how could any-
one have predicted the end of the Cold War and its after-
math? Although the end of the Cold War has not caused
a major disrupfion in Ls. labor markets for scientists and
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engineers. ,:ome turmoil is being generated by newly job-
less engineers (many of whom have spent theh- entire
careers in the t s. defense industry) and by scientists exit-
ing the former Soviet Ilnion.

Itl.s analysts have conducted several studies 1)1 the
futtn-e job market for scientists. engineers, and techni-
cians. Findings from these studies yielded the following
conclusions:

Employment in technical occupations will grow at a
faster pace than overall employment.

Employment in technology-intensive industries will
grow at about the same rate as employment in general.

Surpluses are more likely to be observed in the ski.:
job market than shortages, but the latter (especially
in specific fields) cannot be ruled out.

Every 2 years. I. analysts prepare employment pro-
jections by occupatio,, and by industry for the entire econ-
omy. The most recent forecast was prepared in 1991 and
covered the period 1990-2005. Data derived for technical
occupations are presented in text table 3-2. They show
wide variations in employment growth under the three
alternative scenarioswhich prescribe high, moderate,
or low growth for the econoinyns uses for projecting
future employment. (Assumptions concerning the impact
of defense downsizing on employment were included in
these scenarios.) For all technical occupations, growth
over the 1990-2(105 period is projected to range from 9
percent (using the low-growth scenario) to 59 percent (in
a high-growth econotny). The moderate-gniwth alterna-
tive yields a 35-percent increase, a much higher gain than
the 20-percent increase in employment projected for the
economy as a whole (Silvestri and Lukasiewicz 1991).

Among individual scientific and technical occupations,
projections for engineering employment show the widest
variation: from a 2-percent decline (using low-growth
assumptions) to a 54-percent increase (under the high-
growth scenario). Engineering employment is more sen-
sitive to changes in the economy and the defense budget
than employment in the other technical occupations.
Under each of the three alternatives, computer. mathe-
matical, and operations research analysts are expected to
have the highest growth rates. ranging from a 4(i- to a 97-
percent increase. Employment of social scientists shows
the least variation in growthup or down 7 percent
depending on the state of the economy.

As part of this ongoing effort, the National Science
Foundation (NSF) sponsored a special study of
employment growth in approximately 50 inoustries that
employ the highest concentrations of technical peirls(();tititce(1,
and all levels of government 'Braddock 1992).
again, projections were based on three alternative scenar-

"Braddock's definition of high-tech industries differs troni the
Organisation for Economic Cut-operation and Development definition
used in chapter 6.
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Text tante 3-3.
Unemployment, underemployment, and S&E
employment rates of doctoral scientists and
engineers, by degree field: 1991

Degree field
Un- Under- Employment

employment employment in S&E

----- Percent _

Total science and
engineering 1.4 1 7 89.7

Sciences 1 5 1.8 89.0

Physical sciences . . . 2.0 1.0 91.9

Mathematics 0.3 0.8 92.4

Computer sciences . . 1.4 0.3 95.3

Environmental
sciences 1.1 1.9 94.1

Life sciences 1.7 1.6 92.6

Psychology 1 2 1.0 90.3

Social sciences 1.4 3.5 75.7

Engineering . 1.1 0 9 93.4

Aeronautical/
astronautical 1.6 1.2 96.2

Chemical ...... 1.0 0.9 93.2

Civil 0.5 0.3 94.8

Electrical/electronic. . 1.7 1.1 95.2

Materials 0.9 0.4 93.2

Mechanical 1.1 1.1 92.7

Nuclear 1.2 1.3 99.4

Systems design . . . . 0.8 1.2 88.2

Other engineering. . . 0.8 1.0 91.1

NOTES. Underemployeu 2extorat scientists and engineers are those
who reported that they were either (1) holding part-time positions when
they would have preferred working full time, or (2) working in non-S&E
occupations when they would have preferred S&E lobs.

S&E = science and engineering.

SOURCE. Science Resources Studies Division, National Science
Foundation, Charactcristics of Doctoral Scientists and Engineers: 1991
(Washington. DC. forthcoming).

Science 8 Engineering Indicators 1993

ios. In addition to the economic and other assumptions
used in the original 131,5 model, additional variables that
affect employment in high-tech industries-e.g., the
propensity for the Nation to spend money on mit and the
export of products with a high technology content-were
incorporated in this model.

The results of the analysis show employment in technol-
ogy-intensive industries increasing about 20 percent (in the
mid-range scenario) between 1990 and 2005: This is about
the same as the employment growth rate forecast for the
economy as a whole. This finding is counter to projections
made a few years earlier (lu.s 1990) that showed employ-
ment in high-tech industries increasing at a faster pace than

overall u.s. employment. The change is largely attributable
to the turnaround in defense spending that occurred in the
late 1980s. The curtailment of military-related expenditures
is lowering the rate of employment growth in technology-
intensive industries, bringing the rate of increase down to

the level expected for all u.s. employment.
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These two iii.s studies present an interesting anomaly:
Although employment, in technical occupations is expect-
i.d to increase faster than overall employment, employ-
ment in technology-intensive industries is not expected to
increase any faster than employment in nontechnology-
intensive industries. One explanation is that in the k.ss
technology-intensive industries-e.g., those in the service
sector-the proportion of the workforce comprised of sci-
entists and engineers is increasing faster than employment
in general.

The ms analysis of the job market for technical workers
was carried another step farther in an attempt t(1 deter-
mine whether the supply of new su:: graduates would be
sufficient to fill the new jobs created in the near future
(1990-2005) and (0 replace workers who retire or leave s&r.
jobs. Once again, three estimates of the supply of new s&t.
graduates were prepared: they were calculated using
(high, moderate, and low) percentages of the college-age
population expected to earn bachelors degrees in science
and engineering.l.'

Next, the number of new graduates derived un(her
each of the three supply scenarios was compared with the
number of job openings derived from each of the three
employment growth scenarios for all technical occupa-

tions. Matching the tln-ee supply with the three demand
estimates yielded nine possible depictions of the future job
market for technical workers. Each of these nine alterna-
tives was then compared with a benchmark determined by
BIS staff to be the ratio of technical degrees awarded annu-
ally to the number of technical job openings during a time
(1984-90) when the supply of new !-41: graduates was
thought to be equal to the demand for them. In the late
1980s, the ratio of technical degrees awarded annually to
the number of technical job openings was about LG. That
is, of every sm:. graduates, 10 took SU. jobs: the other Ii
either went into 11011-S&E occupations or left the country.

Using this Di ratio as the benchmark, it was deter-
mined that most of the nine supply-demand possibilities
yielded ratios equal to or higher than 1.(i-that is, the sup-
ply of S&E graduates was greater than the demand. Only
in three of the ahernatives-those in which high-growth
estimates were coupled with low-growth estimates of
techMcal degree production-would there be situations
in which shortages might exist. The results of this mod-
eling exercise indicate that although there may be future
shortages of technical workers in some fields, overall,
there are more likely to be surpluses in the coming
decade and beyond.'"

11'his method of estimating thy supply of new scientists and engineers
has several deficiencies cited by Braddock (19)2). the most important oi

which is the omission of other sources of supply, i.e.. (11 individuak
switching to s&E jobs from (ither occupations and 12) immigrants.

'In a response to the tft.s fitalings, Finn and Baker (1)103) show that
there are likely to be more shortafze situations than predicted using
model. They reach this conclusion by showing that the ni.s estnn
degree production are overly optimistic.
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Employment of Doctoral Scientists
and Engineers

Employment by Sector
In 1991, approximately 367,400 doctoral scientists and

(19,800 doctoral engineers wre employed in the United
States. (See appendix table 3-14.) About half the scientists
were employed at educational institutions; nearly one-third
were employed by industry, (See figure 3-11.) During the
past two) clemdes, employment of doctoral scientists has
been shifting from the academic to the industrial sector."
A similar trend occurred among doctorate-holding engi
neers. The proportion of these engineers employed at col-
leges and universities declined during the late 1970s and
1980s: concurrently, the share employed in industry
increased (Nso 1991). In 1991. one-third of employed doc-
toral engineers worked at academic institutions; a much
higher proportion-57 percentworked in industry.

Unemployment and Underemployment
Doctorate-holding scientists and engineers have an

extremely low unemployment rate. The 1991 unemploy-
ment rate for ail these scientists and engineers was 1,4 per-
centfar below the overall t:.s. uneinployment rate of per-

cent. In only two fieldschemisuy (2.3 percent) and soci-
ology/anthropology (2.9 percent)did doctoral scientists
have unemployment rates exceeding 2 percent.

Underemployment ot doctoral scientists and engineers
is also rare. In 1991, only 1.7 percent of doctorate-holding
scientists and engineers in the workforce were either (1)
holding part-time positions when they would have pre-
ferred working full time, or (2) working in non-s x:F. occu-
pations when they would have preferred 's&F. jobs.
However. underemployment in the social sciences was
relatively high-3.5 percent; it was even higher in the
social science so Wield of sociology/anthropolog:,.

Despite these numbers, several professional associa-
tions''' have been documenting employment difficulties
faced by new Ph.D. recipients, focusing on one issue in
particularthe lack of permanent, full-time positions in
academia. According to these groups, competition among
new Ph.D. recipients for each tenure-track openir.; is

Unpublished tabulations from the American Institute ol Physics'
IMO Society Membership Sample Survey show that fewer than a quar-
ter of the physicists who received their doctorates before 1969 work in
industry. In contrast, over 40 percent of those who received their
degrees between 1987 and 1989 are employed in industry. The compa-
rable proportions for university ('mployment were 47 percent ai,d 28 per-
cent, respectively. (These data do not include postdoctoral scientists.)

'The most vocal of these professional associations is a relatively new
organization called the Young Scientists Netwotk. Others voicing simi-
lar concerns are the American Institute of Physics, the American
Mathematical Society, ard the American Chemical Society. Surveys of
the latter society's membership show unemployment among new doc-
toral chemists (which did not rise above 4 percent during the recession
years in the early 1980s), increasing sharply in recent years. American
Maihematical Society data show the unemployment rate of new mathe-
matics doctorate recipients. which is normally about 2 percent, at an all-
time high of 5 percent in 1992. See McClure 119921.

Figure 3-1 1 .
Employed doctoral scientists and engineers,
by sector: 1991
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fierce; many new doctorate-holders are becoming
increasingly dis_ouraged after long, unsuccessful job
searches.1"

The apparent oversupply of doctoral scientists in some
fields is being blamed on

perceived cutbacks in basic research funding.

growth of "big science" projects (Ham 1992).

According to the American Mathematical Society (Ams), new faculty
recruitment in mathematics departments is down dramatically. Aws docu-
mented that there were 17 percent fewer full-time positions in doctorate-
granting mathematics departments in 1990/91 than in the preceding year:
positions in masters- and bachelors-granting institutions were also clown
sharply. 34 percent and 18 percent. respectively. See McClure (1992).
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Text table 3-4
Average annual salary offers to doctoral degree candidates in selected fields: 1988-93

77

Chemistry

Salary

Math Physics

Change from previous year

Chemistry Math Physics

Percent

1988 41.292 40.668 42.480

1989 43.147 15.438 42 263 4.5 11 7

1990 45.356 12.775 11.486 5.1

1991 47.911 41.146 39.913 5 6

1992 50,719 40.951 40.940 5.9

1993 . 50,933 39,500 50,600 0.4

NOTES Data are as of September of each year not computed for fewer than 20 offers

SOUFICE College Placement Council. Survey of Beginning Salary Offers, annual series. Science & Engineering Indicators - 1993

the exodus of scienti, :s from the former Soviet t
and Eastent Rloc countries (an already overcrowded
job market is being flooded by these new arrivals).:'

tight state budgets that have resulted in cutbacks
and hiring freezes at slate-supporle(l institutions
(Brennan, Rawls, and Zurer 1992; and Cipra 1991).

Some doctoral scientists unable to lind academic posts
are reluctantly taking second and third postdoctoral
research positions.1 The most recent NsF data (which
c(lver 'ears through 1991), however, do not s)1ow a size-

able increase in the number of post(ioctorate appoint-
ments (sRs 1992c).

.Thhough scientists have been vocal in their complaints
about the lack 01 jobs, tew data are cnrrently available to
support their contentions, lite most recent comprehen-
sive, statistically valid doctoral employment data are for
1991; 1993 data are not yet available. Therc is a smattering
of data collected by professional associations that points to
a tighten;ng of the Ph.D. job market in the 1990s. For

cxamph . data collected by the American Institute of
Physics show the proportion of employ(d doctoral recipi-
ents who took more than 6 months to secure permanent
positions increasing from 13 percent in 1989 to 221.-rcent
in 1991. (Additional numbers provided by professional
associations on the worsening job market faced by their
members appear in some of the footnotes in this section.)
.\lso, data on beginning salary offers to doctoral degree
candidates may indicate a plentiful supply of applicants for
available jobs. Average annual salary offers in mathemat-
ics and physics fell between 1989 and 1991. (See text table
:14.1 Although beginning salary offers for physicists aft

For exatnple, as many as 300 mathematicians from the tOrmer Soviet
'Ilion have sought emploment in the United States in the last 2 years.

According to data collected by the American Mathematical Society. the
ratio of applicants to positims in the Ams register made a nwre than
degree turnaroundfrom 1:2 in the mid-1980s to nearly 3:1 in 1992.
lomugrants accounted (or 1:1 percent of new Ph.1). recipients lnred by
doctorate-granting departments. See McClure 11992).

'rho American Itemical Society's survey Of its membership revealed
'hat the proportion of new chemistry Ph.D. recipients taking postdoctor-
re positions increased form 34 percent in 199,1 to :17 percent in 1991 to

percein in 1992.

pear to have increased after 1991, those received by Math-
ematicians continued to fall. and those received by
chemists did not increase appreciably between 1992 and

191)1-01n another perspective, labor market experts. and
even lellow members ot the s&f. community, have been
contending that there is no shortage of challenging work
opporttlnities for doctoral scientists." Most of tliose oppor-
tunities are in industry and some will be in nonscientific
specialties, "where science or engineering training is 1101
only invaluable but also a growing- concomitant of manage-
ment success and industrial and governmental leadership
so necessary in this technological age" (White 1991).

In the past, there was considerable resistance among
new doctoral scientists to employment in the industrial
sector.:: Many in the academic community held the belief
that the most important workbasic researchwas done
in a university setting, and that only university laborato-
ries could offer the academic freedom necessary to
explore new ideas. But the stereotype of industry as a
place where only second-rate research is conducted has
been fading because:

Tla. academic World has become more constrained.
Ihe quest for funding has become a never-ending
mission. Because funding is so difficult to secure, sci-
entists may not be able to follow their own research
agenda; instead. they may be limited to conducting
research in areas of interest to those organizations
willing to provide the funding (Barinaga 1992). (See
chapter 5 for a discussion of the academic It&I) s('ctor.)

-Some physicists have found rewarding work in soltware engineer-
ing. patent law. health pli accounting, and many other fields. And
mathematicians are finding opportunities in the insurance and banking
industries and even in the environmental field wliere "modeling should
iirovide substantial opportunity for applied mathematicians tor years to
come" (Seitelman 1991). Alan Chynoweth, head of research at Bellcore,
told a Science reporter IFlam 1992) that there's no shortage of really
interesting work I.. iw done if people are willing to be flexible." Most
physicists do tind work in physics, although the jobs they get may not
have been their first dunce.

ltl addition, many new doctoral physicists and cheinists are unpre-
pared for jobs in Mdustry. having, "never set foot in an industrial labora-
tory del ahme a factory I" tWeatherall 1992).

I'', 8
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Hie growi1 g. number of successitil industry-univer-
sity (ollal)orations Kee chapter i I has helped erase
the anti-industry sti(rma (I lolden 1991).

Salaries
Industry has always been !Imre allractive than

academia in One important respectsalary. In till but One
doctoral ,alarie-; are hieTher in industry

than in academia. (sec appendix table :1-15.) In the
19tins, however, faculty salaries rose at a faster pace than
those paid scientists working in indusny. narrowing the
gal) between the two pay levels (Finn 1991. p.

File median salaries for both doctoral engineers and
doctoral scientists working ill industo,, were roughly compa-
rable-71,100 for engineers. and :,(;t).(fo() for scientists. in
MI.'. In the academic sector. however. there k a strildng
divergence between the two niedians. The median annual
salary of all doctoral entrine.,rs employed at academic insti-
tutions-07.800is signific:Intly higher than the median
salary tor all scientists5,200. This st:fpoo-differency
wilects the fact that in recent years many univeNities had
difficulty recruiting engineering faculty and theretore had to
offer salaries competitive with those offered by industry.
Only ti to 7 percent of all engineers have doctoral degrees.
making them a scarce commodityone much in demand at
engineering-intensive research organizations like NASA, as

as on college campuses (Engineering Nlanpower
Commission 1992b).

Although the median salary for all doctoral engineers is
higher in industry than in academia. that is not the case in
three engineering specialtiescivil. materials science, and
nuclear.

Although faculty positions in several fields are current-
ly scarce, demand for college and university professors is
expected to increase in the late l990s and continue to
increase beyond die year 20(H) because

college enrollment will be rising (a turnaround from
the current decline) as the offspring of the baby
bf)oni generation reach odlege age:

college professors hired in the 1950s and 1900s will be
retiring, creating an unusually large number of vacan-
cies in academia and the need to replace them:-"

the annual number of 1-.N citizens obtaining doctor-
ates in science has not risen appreciably for the past
two decades, and there are no indications it will
increase in the foreseeable future 19931)).

often noted that the dinerence liettteen 111.1). median sidaries iii

industry aial in academia is actually sinallff than the data indicate. lliat
bet-aust many academically employed scientists illid 11;1\1. L tr II
month contracts: they earn additional incollie (not included ill tlie data pre-
sented in tins chapter) from consulting and teaching (luring tin. summer.

1 ',alit collected 1)y the Engineering \Violative tottinission shotv the
1992 median salaiy for doctoral engineers vwrfong Ii industi- it) he

r.,ce appendix table :I-9.i
l'or example. in chenaisti) (lop:Aliments the nunilier ot retiring. proms-

expected to increase IF0111 250 per year in P.1911 ki ,;:01 1)er year by
then to 109 per ear in 2tion no /.,;.u.r 1992j.

Chapter 3 Science and Engineenna Workforce

Special Populations in the
S&E Workforce

Employers have begun to recognize the value in having
a diversified workforce, one in which women and minori-
ties are represented in proportions dial approach their
representation in the total population. They are also
aware that the majority of new workforce entrants are
women and minorities. Therefore, they are making it a
priority to hire more women and minorities to fill white-
collar vacancies in their organizations. Meeting their
goals for hiring women and minorities has generally
proven difficult, however.'. especially in particular occu-
pations. A common complaint among technical recruiters
is an inability to tind sufficient numbers of women and
minorities to till !sm.: positions in their companies. While
women and minorities have !mid(' great strides in attend-
ing college and moving into other professions once dom-
inated almost entirely by white 111(11. e.g., medicine. law,
and business, their participation rates in engineering and
some of the physical sciences still lag far behind those of
white males (sHs 1992d). Moreover, stxF. pipeline statistics
(see chapters 1 and 2) indicate that the number of female
and minority physical scientists and engin,.'ers will not be
much larger in the f(freseeable future.

Women
'thirty years ago women had few career choices.

Although the number of women acquiring college
degrees increased steadily during the 1950s and 1900s.
women's employment opportunities were largely limited
to teaching or nursing. Today. Wol1W11 have an unlimited
number of career options? Disproportionately few. how-
ever, choose engineering: women are also undern.pre-
sented in Sonic of the physical science fields. e.g.. physics
and geology. (See "Factors in Female I ilderrepre-
sentation- for information on current research into the
reasons for women's underrepresentation in these fields.)

In 1992, just 9 percent of engineering jobs were
tilled by women. In addition. only 11 pet-cent of working
physicists and astronomers, and 11 pet-cent of geologists,
were female. (See figure 3-12.) In contrast, in 1992, near-
ly one-third of all lawyers and over one-quarter of all
physicians in the labor force were women.: Also. women

I /ninon has been one to the most successful companies in recruiting
minorities. I lupont's goalthat at least In porcent ()fits net%

.prolessional and technical) hires should be women and !Illumines
has been exceeded in most years. Tilt company has even been success-

in recruiting enough women and minornies to meet its nipercent tar-
zet in idling sm lobs (McCormick 1092).

-Turner and Bowen (199(l). in a stud !. of college degrees Jiwarded in
omen. concluded that % omen now am.ndiniz eactic %%lin onec offild

have been expected lc, major in teaching. now choose instead to major
in business.

These percentages will climb steadily for ai Masa sevend more years
:)ecause women no% comprise about In percent of the students cur.
....nib- attending medical school and hall of latt .4(11001.

, 109
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Factors in Female Underrepresentation

The literature is replete with accounts of comprehen-
sive analyses as to why women are underrepresented in
engineering and some of the physical sciences. Most of
the research points to differences in the education and
socialization of women. and the lack of female scientists
and engineers as role models as the primary reasons
women have made so little progress in these proles-
Sims.

Unquestionably, these are all important factors. But
they do not explain the remarkable progress women have
made in knocking down the barriers to entry in other chal-
lenging professions. The best example is the field of
medicine. Women have demonstrated their ability to meet
the rigorous educatimal and other requirements neces-
sary to obtain medical degrees in numbers approaching

have made great gains in employment in many ot the
-;cieuces. [hey now account for to percent ot the bio-
logical scientists, :10 percent of the chemists, and near-
ly 60 percent of the psychologists. (See appendix table
3-16.)

Women in Engineering. Despite recent progress."'
no profession exhibits a greater disparity in the employ-
ment ot men and women than engineering. As recently
as 1970. only :158 bachelors degrees in this field (fewer
than 1 percent of the total) were awarded to females.
Between 1975 and 1985. there was tremendous growth in
the number of engineering baccalaureates granted to
women, with the number of awards increasing front
fewer dm 900 in 1975 to more than 1E000 in 1985.

Although the annual number ot undergraduate engineer-
ing degrees awanled ti wotnen tell slightly in the 1990s,
the PCITC1Itagi' of degrees received by women is holding
steady at about 16 percent:"

'File scarcity of women obtaining engineering degrees
is reflected in starting salary data: New female engineer-
ing graduates receive higher starting salaries than men.
'rhe average weighted starting salary offer for bachelors
degree candidates in engineering was .43-1.485 for women.
compared to 533,612 for men, in 1993.'-'

Higher starting salaries notwithstanding, a gap begins
to appear after several years of experience are acquired.

liet%%een (the earlic-t Car for %%inch comparable data tri avail-
able) and l'.192. the percentage ()I women t'lltfillevrs in the workforce
increa,ed from 5.9 pert-t'lli to percent.

:Engiltecring \York mice oinnus,ion :\Ithough the number
of bachelor, degrees in engineering awarded to %%omen tell slightly in

the number it zraduate degree, has continued to rise.
Nerall. ma,ter, and doctorate as.ards itt engineering increa,co o.7 per-

cent and 9.N percent re,pectively. from 1990 to 1992. Awards to \N omen
in these \vo categories. hov,ever. increased 15.1 percent and per_

,(111. respectively. during same period.
I tem ed from the I. (diet:- Placement k. 199'.

79

those of men. For example, in 1992. 5.500 women earned
medical (lm-ees: in that same year. only 86 t".s. women
were awarded doctorates in physics (!-,Rti 1993b).

One of the reasons qualified women and men are
choosing careers in medicine (and law and business)
over those in science and engineering is obvious
salaries are higher. In addition, some researchers have
been digging deeper. searching for other clues. Some
of the most promising inquiries in this area appear to be
those scrutinizing the image of science and engineer-
ing as portrayed in the media and other forms of popu-
lar culture (see Augustine 1991).

For extunple. Vetter 0090) sc.es lack of preparation and profi-
ciency in mathematics as the single most important barrier preclud-
ing women from engineering careers.

Figure 3-12
Employed wage and salary workers who usually
work full time, by occupation and sex

Engineers

Math & I

computer
scientists

Lawyers

Physicians

Physical
scientists

Life
scientists

1983

Men Women 1992

500 1 000 1 500 2 000

Thousands of workers

See appendix table 3-16 Science & Engineering Indicators -1993

N Ten's salaries cinitinue to increase with years of experi-
ence, but woolen's reach a plateau. The chief explanation
for this widening gap is that significantly more men are
promoted to managerial positions than women:" just 15.3
percent of female engineers held management positions in
1986, compared to 35.5 percent of male engineers

A number ot recent studios have documented lite underrenre,tonta
ol corporalc inanaucinent Brush (1991).
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Figure 3-13.
Bachelors degrees in engineering, by sex: 1992

Aerospace -
5°0

All other
10%

Computer -
7%

Civil - 13%

Aerospace
3%

Men
n = 53.681

Women
n = 9.972

Source. Engineering Workforce Commission. "Women in Engineering."
Engineering Workforce Bulletin No 125. May 199';
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1990)." The difference in the percentages of mer ^rid
women engineers in management is in large part attri, ole

'Anwrican Clwmical Society data also show that as male chemists
acquire nuire experience. they are far nutre likely than lemakk with sim-
ilar years ot experience to go into management. ln addition, these data
show that women have not made any progress in moving into R&D man-
agement poitious. In 1f190, 7 percent of female chemists in indu.ary
were mu managers. the same percentage recorded 10 years earlier
I 1 lileman and Rawls ltht 11.

to the fact that female engineers are usually younger and less
experienced than their male counterparts..

.-kdditionally. women and men are distributed different-
ly among engineering specialties, as indicated by bache-
lors degree awards.' (Sec figure 3-13.) Electrical and
mechanical engineering are chosen most often by both
men and women. Women, however, are more likely to
specialize in industrial and chemical engineering, while
men arc more likely to pick civil, computer. and
aerospace engineering.

Women in Academia. Female scientists and engi-
neers hold fewer tenured positions at universities than
their male counterparts. In 1990/91, only 17 percent of
the full-time female faculty in Ls. colleges were full pro-
fessors, compared to 44 percent of the male professors
(Brush 1991, p. 411, and Ehrenberg 1991). The numbers
for the natural sciences and engineering are even lower.
In 1989, there were 61,000 full professors in the natural
sciences and engineering in the Lnited States. of which
oMy 3,800 were women (sks 1992d).

Women comprised 18.8 percent of the doctoral s&F,
workforce in 1991. (See text table 3-5.) While women are
well-represented in psychology and fairly well-represent-
ed in the social and life sciences. they accounted for only
3.-1 percent of all doctoral engineers in 1991. Of all aca-
demic fields, engineering has the lowest proportion of
women with Ph.D. degrees.

Minorities
Like women, members of the two largest minority

groups in the United Statesblacks and Hispanicsare
underrepresem a in the sm.: workforce. In contrast.
Asiansthe third largest minority groupmake up a
larger share of the s&E workforce than their representa-
tion in the total population.

Blacks are underrepresented in many professional spe-
cialty occupations. Nowhere is this more evident than in
science and engineering. (See appendix table 3-17.) Al-
though blacks comprised about 11 percent of the total Ls.
workforce and 8 percent of all those in professional spe-
cialty occupations in 1992, only 4 percent of employed
engineers and 2.7 percent of the natural scientists were
black. (See figure 3-14.) Their representation in mathe-
matical and computer science occupations was somewhat
higher at 7.1 percent. Although some progress has been
made over the past decadee.g., the proportion of black
engineers in the workforce rose from 2.6 percent in 1983

' Also blamed for the dearth of female engineers in managenumt are
various socialization factorse.g.. wonwn are less concerned with
work, are not driven by a desire for high-status positions or promotions.
and are only working until they rake a family (See Vetter 1992a).

'Women's particular choices in engineering provide support tor the
supposition that women are more likely than men to select s&f. fields that
have more hearing on the well-being of humans and their quality of life.
Similarly, in the natural sciences. women are more highly represented in
the life sciences than in the physical sciences diaignee IWO, pp. 7-91.
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Text table 3-5.
Female and minority proportions of doctoral science and engineering workforce, by degree field: 1991
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Female

Proportion of science & engineering workforce

Native

Black Asian American Hispanic

Percent
2.1Total science and engineering 18.8 9.8 0.2 1.8

Sciences 21.7 2.2 7.3 0.2 1.8

Physical sciences 8.9 1.1 11.3 0.1 1.7

Mathematics 10.2 1.1 10.7 0.1 2.0

Computer sciences 11.8 0.5 20.3 0.1 1.7

Environmental sciences 9.6 0.2 5.3 0.2 1.0

Life sciences 24.0 1.9 7.8 0.2 1.6

Psychology 38.1 3.1 1.6 0.2 2.0

Social sciences 23.9 4.2 5.6 0.2 2.1

Engineering 3.4 1.2 23.1 0 2 1.9

Aeronautical/astronautical 2.0 1.4 19.3 1.5

Chemical 3.7 0.8 24.4 1.2

Civil 3.6 2.4 23.0 0.2 2.0

Electncallelectronic 2.5 1.3 23.3 0.1 1.9

Materials 6.0 0.9 25.2 0.2 3.0

Mechanical 9.1 1.4 26.7 0.1 2.0

Nuclear 2.8 0.3 18.8 2.8

Systems design 13.4 5.8 15.8 4.3

Other engineering 3.2 0.3 20.9 0.4 1.5

NOTE. = no cases reported.

SOURCE. Science Resources Studies Division. National Science Foundation. Characteristics of Doctoral Scientists and Engineers: 1991 (Washington, DC:

NSF. forthcoming).

to 4 percent in 1992, and the percentage of mathematical
and computer scientists increased from 5.2 to 7.1 per-
cent-their representation among natural scientists actu-
ally declined. dropping from 3.1 percent to 2.7 percent
during this period.

Employment of Hispanics in occupations shows a
similar degree of underrepresentation, one that is per-
haps even more severe in the case of professional spe-
cialty occupations in general. However. Hispanic repre-
sentation in all three s&F, categories-engineering, math-

ematical and computer science, and natural science-
increased between 1983 and 1992.

There are some positive trends. The production of

minority engineering graduates has been increasing
steadily. Data from the Engineering Workforce
Commission show the percentage of bachelors degrees
in engineering awarded to

blacks increasing from fewer than 1 percent in 1970

to nearly 4 percent in 1991, and

Hispanic graduates (of domestic institutions) increas-
ing from 1.8 percent in 1973 to 3.6 percent in 1991.

Doctoral statistics in engineering remain an area of

concern. Unlike Hispanics, blacks have made almost no
progress in the past decade toward increasing their rep-

Science & Engineering Indicators - 1993

resentation among Ph.D.-holding natural scientists and
engineers. Blacks earned only 1.3 percent of the doctor-
ates awarded in the natural sciences and engineering in

1990: this was about the same percentage as their pro-
portion in 1980. In contrast, the number of Hispanics
earning doctoral degrees more than doubled. The pro-
portion of all doctoral degrees awarded to Hispanics rose
from just over 1 percent in 1980 to 2.7 percent in 1990.

Doctoral workforce statistics are similar. Only 1.5 per-
cent of the doctorate-holding natural scientists, and 1.2
percent of the doctoral engineers, working in the United
States in 1991 were black. (See text table 3-5.) Hispanics
accounted for slightly higher proportions-1.7 percent
and 1.9 percent, respectively. In contrast, 9.8 percent of
doctorate-holding natural scientists and 23 percent of doc-
torate-holding engineers working in the United State3 in

1991 were of Asian origin.
The scarcity of black and Hispanic scientists and engi-

neers has made them a much sought-after group of poten-
tial employees. Despite the slowdown in recruiting activi-
ty in the 1990s. a recent survey revealed that employers
consider diversifying their ),vorkforces and the availability
of minority candidates in technical specialties to be

among their major concerns (College Placement Council
1991). Graduating Engineer, a journal that monitors job
prospects for minority engineering candidates, deter-

1
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Figure 3-14.
Representation of minorities in the science and
engineering labor force: 1992
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Hispanic origin - 3%

Engineers
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See appendix table 3-17 Science & Engineering Indicators 1993

inined that minority students have a slight, but definite,
edge over their nonminority, male counterparts in com-
peting for engineering jobs (Law 1992).

Immigrant Scientists and Engineers
Immigrant scientists and engineers have always been

a crucial component of the sot. workforce in the United
`tates. In 1992. nearly 23,000 scientists and engineers
immigrated to the United States, 62 percent more than
in 1991. The 1992 increase is probably due to enactment
of the Immigration Act of 1990, which nearly tripled the

Chapter 3. Science and Engineering Workforce
_

number of employment-based visas that can be issued
annually.

Regions of Origin. Most of the ss.q.: immigrants admit-
ted in 1992 were born in the Far East, primarily India
(3,600), China (3,100), and Taiwan (2,400). Also. Poland,
the United Kingdom. the Philippines, the newly indepen-
dent states of the former Soviet Union, Hong Kong, Iran.
and Canada each accounted for at least 500 of the scien-
tists and engineers who immigrated to the United States
in 1992. (See appendix table 3-18.)

The annual number of s&ti immigrants admitted to
the United States during the 1980s ranged between
9,500 and 13,000. During the 1970s and 1980s, there
was only minor, gradual shifting in the shares of immi-
grants from various regions of the world. The propor-
tions of immigrants born in Western Europe, the Near
and Middle East, and the Western Hemisphere rose
slightly: while the proportion born in the Far East
declined from 52 percent in 1976 to about 43 percent in
1990. (See figure 3-15.)

After 1990. however, there were some dramatic
changes in the proportions of s&I.: immigrants from the
various world regions:

The share of s&E immigrants from countries in the
Far East increased from 43 percent in 1990 to 55 per-
cent in 1992.

Figure 3-15.
Immigrant scientists and engineers,
by region of birth

Percent

60

/
/

50 /
Far East ----- \ /

-. --_- \ /
-1..-

--',.. ...- \ ..-

40

30

20
Western Hemisphere Western Europe

.
10

Central & Eastern Europe ---
" --------- - Near & Middle East

, I , I , I ,

1982 1984 1986 1988 1990 1992

See appendix table 3-18. Science & Engineenng Indicators - 1993
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Text table 3-6
Scientists and engineers from the former Soviet Union admitted to the United States on permanent visas
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1982 1983 1984 1985 1987 1989 1990 1991 1992

Total scientists and engineers 768 255 189 125 116 440 646 1.561 826

Engineers . 562 204 148 90 79 351 479 1,253 588

Math. scientists & computer spec. 112 17 11 6 7 23 96 102 83

Natural scientists 67 29 19 19 17 40 40 118 104

Social scientists. 27 5 11 10 13 26 31 88 51

SOURCE Immigietion and Naturalization Service. unpublished tabulations by Science Resources Studies Division. National Science Foundation.

Science & Engineering indicators - 1993

The poportion from Cc now! and Eastern Europe
increased front 12 percent in 1990 to 18 percent in
1991, hut then dropped back down to 12 percent in
19V.).. The 1991 increase was caused by an untwece-
dented number--1.561ol scientists and engi-
neers rniigraline: !mill the lornter Soviet I 'Ilion. (S(e

text table :1-6).

Me share of sm. immigration represented by each
of the other rtgions--11"/ stern Euro'''. the .Year and
Middle East. jirica, awl the Western Hemisphere
fell during the 1990s.

Fields of Employment. Annually, two-thirds to three-
quarters of the sm.. immigrants admitted to the Vnited
States ae engineers. (See figure :1-1(1.) ln 11192. 13 Per-

cent were mathematicians or computer specialists. 12
percent were natural scientists. and 5 percent were social

scientists.
Foreign-horn engineers are particulady prevalent on

s. ciitlege caniptisrs (t here many of them earned their
doctorates). Many of these inunigrants are teaching,
thereby helping cttse a shortage of engineering faculty
caused by a decline in the number of I .s. citizens who pur-
sued engineering doctoral degrees in the previous
decade. Certain engineering jobs in t industrial firms
those with a Pentagon connectionrequire r.s. citizen-
ship, so many immigrants have an easier time finding jobs

on college campus(s. Without these immigrants. some
engineering schools would have had difficulty surviving
(see Barber and Morgan 1987. 1)88). But there is a down-

side to the increasingly foreign makeup of many engi-

neering departments: Reports of language (see Barber,

Morgan. and Tin-c,trick 1987) and cultural barriers have
surfaced, the latter leading to charges of insensitivity
toward women and minorities (see Vetter 1992a), There is

also the view lick] by some labor market economists that

easy access of foreign nationals to t .s. colkge campuses

lets the I 'lilted States continue to ignore its responsibility
to develop science and engineering talent anumg women
and underrepresented minorities (Bergmann 1992).

Few would disagree that immigrants with doctorates in

engineering are making a valuable contribution to the t.s.

economy and that without them. t .s. educational institu-
tions' engineering (lepartments would face a serious
dilenuna. There is less consensus on the immigration of
engineers: efforts to increase inlmigration are sometimes
..:(se» as a means of keeping wages depressed (Engi-
neering Manpower Commission 1991b). There is also
concern about the economic consequences of the "brain
drain" on both developed and developing countries.
There is some evidence that an increasing number of for-
eign nationalsrspecially those from Taiwan and South
Koreaare returning to their home countries (see chap-
ter 9 and sk:-, 1993a).

Figure 3-16.
Scientists and engineers admitted to the
United States on permanent visas
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See appendix table 3-18. Science & Engineering Indicators - 1993
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International Comparisons
A country's employment of scientists and engineers is

a significant indicator of its level of effort in. and relative
national priority for, science and technology. Inter-
national comparisons are complicated, however. by dif-
ferences in countries d,finitions of specific jobs and in
methods of data collection and estimation. Still, interna-
tional employment data provide insight into the relative
strengths of s&E workforces globally. This section tire-
sents data and limited comparisons on the !NK:I: workforce
in Canada, France, Germany,' Italy, Japan, Sweden, the
United Kingdom, and the United States.

S&E Employment as a Proportion of the
Labor Force

More nonacademic scientists and engineers are
employed in the United States-3.5 millionthan in any
other major industrialized country. Japan ranks a distant
second with 2.3 million nonacademic scientists and engi-
neers. (See appendix table 3-19.) Until recently, the
United States also had the highest proportion of its labor
force employed as scientists or engineers-328 per
10,000 workers in 1986. More recent data. however. show
the C.S. ratio at 298below that for Sweden (522). Japan
(380), and the United Kingdom (328).

Employment of Women

The United States has had more success than the other
industrialized countries studied in attracting women into
the nonacademic s&E workforce. (See appendix table 3-
19.) It has the highest proportion of female scientists in
the labor force (54 per 10,000 workers). anada ranks
second with 48, followed by Sweden (43). France (36).
and the United Kingdom (32). Among these countries.
the United States has the second highest proportion of
female engineers (13 per 10,000 workers): Sweden has a
higher ratio of female engineers-16. Although women
are vastly underrepresented in engineering in all indus-
trialized nations, their numbers have been increasing.
For example, in the United States, the ratio of female
engineers per 10,000 workers rose from 8 in 1986 to 13 in
1992. In Japan. it rose from 3 in 1985 to 8 in 1990.''

Employment by Sector

In five of seven major industrialized countries.' the
services sector is the leading employer of scientists.
Germany4" and the United Kingdom are the exceptions
in both countries, the manufacturing sector employs the

"German data in this section are for the former West Germany only.
'Center for International Studies. 1.s. Census Bureau. and unpub-

lished NF data.
'The comparison in this section does not include Italy.
' 'German data in this section are tor the limner West Germany only.

largest number 01 such scientists. Me manutacturint;
sector is the second largest employer of scientists in the
other live countries. In the I fined States, the goveniment
sector employs the third highest number of nonacademic
scientists. (See appendix table 3-20.)

The manufactu ring. sector was the largest employer of
nonacademic engineers in six of the seven countries com-
pared. The proportions ranged loon :;1 percent in Canada
to nearly hall in sweden, the United Kingdom, and the
United States. in Japan. however, more engineers are
employed in the services sector than in manufacturing.

Across all countries, engineers considerably outnum-
ber scientists in manufacturing. (See appendix table 3-
21.) By occupation. industrial/mechanical engineers con-
stituted at least half of the manufacturing workforce
in the United States, the I.nited Kingdom. and Sweden.
The proportion of these engineers was also high in
France. Germany. and Canada. where they accounted lor
between 41 and 43 percent of all scientists and engineers
employed in manufacturing.

The distribution of the Japanese sm manufacturing
workforce (liffers from that of the other countries. in
Japan, the largest proportion of its s&E manufacturing
workforce was civil engineers (32 percent). (For all otlu-r
countries, except Germany, civil engineers accounted for
no more than .5 percent of the manufacturing s&f.

Figure 3-17.
Ratio of R&D scientists and engineers per 10,000
workers ir 'he general labor force, by country
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workforce.) japan had the smallest proportion ol natu-
ral scientists ( I p(rcent) employed in manufacturing.

R&D Employment

-1-1w 1. 'nited States had more rit- scientists and (ngineers
engaged in km) in 1989 than did japan. Genna iv. France.
the Vnited Kingdom, Italy, and Sweden combined. (See

85

appendix table .l-22.) lit iact the I 'riled States had twice as
many w,n scientists and engineers as japan and about five
nines as many ,ts Germany. .1s a proportion of the labor
force. illiweverjapan now has approximately the same con-
centration 01 km) scientists mid engineers as does the
.nited States. japan's 1990 ratio of R&D scientists and engi-

neers per l(1.000 labor tolve-75.(i---was exactly the same
as the 1989 I ratio. (See figure 3-17.1
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HIGHLIGHTS

NXIMN.1.1. TRENDS

Continued slow growth is indicated for the
Nation's R&D investments. support for R&D
grew at an estimated average annual constant dollar
rate of 0.9 percent between 1983 and 1993. or one-
:-iixth the .3-percent rate for the 1975-85 iwriod.
Total R&D expenditures reached an estimated 81.61
billion in 1993, or 2.6 percent of gross domestic prod-
uct (GDP).

'The [rifted States leads all other countries in
terms of the amount spent on R&D. Although the
United States spent 11 percent more on total MI) in

1991 than did Japan, (he former West Germany. and
France combined, these three countries collectively
i-Teitt 17 percent more on nondefense MI). ilowever.
only in Japan has nondefense R&D grown notably
faster than in the 1.nited States since the early l980s.

I'I 'aere has been a worldwide slowing in R&D
funding growth since the late 1980s. Sluggish
MI) growthand even declineis recently Mdicated
for each of the seven major research-intensive indus-
rializAd countries.

The Federal Government provides a decreasing
fraction of u.s. R&D support. The federal share of
the Nation's R&D funding total edged downward from
16 percent in 1985 to an estimated 12 percent in 1993.
industry's share of total increased slightly during this
period, from 51 to 52 percent. The combined share of
-..tate government. university, and nonprofit support
grew from 3 to 6 percent.

Universities account for an increasing propor-
tion of t'.5. R&D performance. The share of all MI)
that was conducted in academic Mstitutionsexcluding
associated federally funded R&D centers (1:1:RDcs)
grew from 9 percent in 1985 to 13 percent in 1993.
Industrial firms' R&D performance share fell from 72
to 68 percent over the same period. R&D undertaken
in federal agencies intramural labs and all Filmc's
combined annually accounted for 16 to 17 percent of
the LI,. total.

The character of R&D activities is shifting.
Developntent declined from 6.5 percent in 1985 to an
estimated 59 percent in 1993 as a proportion of the
Nation's R&D total. Applied research grew from 22 to
25 percent. and basic research increased front 13 to
16 percent. The increasing complexity and interrelat-
edness of R&D activities may make these conceptual
distinctions less useful in the current research envi-
ronment than they had been previousl-,.

Ilealth accounts for a rapidly growing share of
the Nation's total R&D investment. -lhe National
Institutes of Health (NIII) estimates that about 18 per-
cent of combined federal, state, and local government
R&D support is health-related, and that most of it is
provided by \ HI. Similarly. about 18 percent of all pri-
vately funded R&D is health-related. I lealth's share of
the Nation's R&D total was about 12 percent in 1985.

The state distribution of R&D performance is
highly concentrated and relatively stable. R&D
carried (mt in 10 States accounted for 67 pc.,cent of
the 1991 t. expenditure total. California alone
accounted for a 20-percent share. This geographic
concentration is not new: in 1975, these same 10
States represented 64 percent of the R&D pet-formed
nationwide.

FEDERAL TRENDS;

1.5. Government R&D funding priorities are
shifting. Defense accounts for 59 percent of the esti-
mated 1994 federal R&D effort. down front its 69-per-
cent peak share of 1987. Most federal growth since
then has been in health researchmuch of it Anm-
relatedand space research. primarily for Space
Station Freedom. Since 1990, considerable growth is
indicated for the industry-related applied research
programs of the Department of Commerce and for
university-performed basic research funded by the
National Science Foundation.

Federal research support is concentrated in
particular fields of science. Funding for the life
sciences dominates federal basic research totals (46
percent in 19931 and has grown steadily since the
early 1980s. One-third of federal applied research
support is for the life sciences and one-third for engi-
neering, primarily aeronautical.

Individual investigators receive a slightly small-
er share of federal civilian academic research
support than in the past. From 1980 to 1989, the
share of such funds going to individual investigators
declined from 36 to 51 percent. The proportion of fed-
eral nondefense academic support that funds research
Wallis and major facilities increased somewhat.

Federal R&D support is increasingly tied to spe-
cific multi-agency initiatives. As part of an overall
strategy to use science and technology to achieve
national goals, the 1994 budget targeted 812.5 billion
for six presidential initiatives, ranging from global
environmental change research to science and math
education.
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Considerable change is under way in the
Department of Defense (1)01)) post-Cold War
budgetary plans. R&D aCcoUllis (Or 11 percent (838
bi)lion) of 0005 estimated total 1991 outlays (82(19
billion), up from its 10-percent share (813 billion of
the 8132 billion 01)1) total) at the beg-inning ol the
defense buildup in 1980. In 1)(m'5 new Science and
'Fechnology Program, govenunent MD is empha-
sized as a way to maintain the Nation's defense tech-
nology base. 000 has relaxed its criteria dehning
those industry independent mt) projects that it will
reimburse. Additionally, 00 0 is funding out of its km)
budget a multi-agency defense conversion program
to bolster economic competitiveness and promote
dual-use technologies.

INDUSTRY TRENDS

Direct federal R&D support to industry is highly
concentrated and occasionally targeted. Federal
lunds account for just one-fourth of the money used
for industrial km) performance: aerospace and com-
munication equipment firms receive 76 percent of
this federal support total. Federal agencies also pro-
vided one-third of the Mt) funds used by nonmann-
facturing industries in 1991. Moreover, during the
past decade, more than 83 billion in federal km) sup-
port has been awarded to small businesses through
the Small Business Innovation Research program.

Considerable indirect federal R&D support is
provided to industry. Since 1981, more than 820
billion has been provided to industry through tax
credits on incremental research and experimentation
expenditures.

Introduction
Chapter Background

rhe I 'Idled States spent an estimated 8161 billion on
research and development (km)) activities in 1993. This
investment in the discovery of new knowledgeand in
the application of knowledge to thy development 01 new
and Improved products, processes. and serviceswas

Throughout Mk chaptei . current funding or xpenditure data are
presented in nominal dollars. In keeping woh Government and
international ,tandarik. trend data te-alall% are dellmed I l'IST

constant dollars ut,ing the Ow implicit Kick deflator and are -,iindicat-
,d. (See ;ipp(ndix table 1-1.) Since (dr! deflator, are calculated on tut
econoim \tide rather than RA 0--pecitic their fp-a. more :termini-
ly retlects an -Cporlunil cost- criterion. rather than a mea,ure UI
cosi changes in doing re:earch. Th, cons4ant dollar figure, reported
here thm.. ,hotild he interpreted a, real re:ourre, l,,nttotU it env.atz-

mg in N..; i rather than in other activitiet-, such a, cow-antiphon ill lt)Vl-
it inve,tment. Ihuid-based dellator,--aich :I:, the hitt deflatorart .

however quite useful in approximating change. in aggregate mil
(Jankov,.:ki 1903). 'Fbey are undoubtedly much less appropriate

tor calculating real 1<,. i expenditure.- at a more tikaggregated ie% el.
4 ,
4
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Federal labs are accelerating efforts to help
industry make commercial use of their
research. Over 1.500 cooperative agreements have
been negotiated between federal labs and industry
since 1987, and the number of licensing agreements
has more than doubled. Also, the Nation's large
weapons labs have incorporate(l civilian technok)gy
transfer activities into their mission goals.

Industry is expanding its use of domestic research
collaboration. The number of university-industry
research centers has grown rapidly during the past
decade. An estimated 1,058 centers were in existence
in 1990. More than 350 multi-firm coopenuiv(' research
ventures, including km) consortia, have been regis-
tered nationwide since 1985.

Industry's use of international research partner-
ships is expanding. The number of known interna-
tional multi-tirm km) alliances grew from about 250
in the 1970s to almost 1.500 in the 1980s.

The internationalization of industrial R&D activi-
ties is intensifying. In 1991, the overseas km)
investment by r.s. companies was equivalent to 11
percent of industry's domestic m1) spending com-
pared to 6 percent in 1985. In 1990, foreign compa-
nies accounte(l for an amount equivalent to 15 per-
cent (majority-owned foreign affiliates for 11 percent)
of all industrial km) expenditures in the United
States, compared to their 9-percent share in 1985.
Also, about one-half of the 255 foreign-owned mt)
facilities in the United States in 1992 had been estab-
lished (luring the previous 6 years.

eqMvalent to 2.6 percent of the total t s gross domestic
product ((d)11. The absolute magnitude of the effort and
the manifold tasks to which it is directed are indicative of
the critical role that km) plays in addressing such con-
cerns as national defense, industrial competitiveness.
public health, environmental quality, and social well-
being. Indeed. the long-term importance of mit expendi-
tures to technological preeminence, military security,
and knowledge gmwth is ixiomatic.

There is widespread agreement within both the public
and private sectors that this national investment needs to
be more closely monitored and evaluated. Tlw past two
decades bore witness to tnily prolotmd changes in the
economic, political, and research environments in which
science and technology (sN:r) policy is determined and
km) activities are conducted. Coupled with substantial
shifts in the Nation's overall inflation-adjusted k&I) fund-
ing levels (see figure 1-1), there have been vast changes
in th( organizational and institutional aspects of research
funding. Industry. challenged by the competitive
demands of an increasingly integrated global economy.
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Figure 4-1
National R&D funding, by source
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is going through a difficult period of restructuring and
downsizing in which ktxti activities have to compete vig-
orously with other. more short-term, company priorities.
Lilt need to leverage scarce R&P funds has become
unquestionably apparent, and industry's effort to do so is
indicated by impriive growth in its research partner-
ships with federal and academic institutions as well as
with various donic,..k. and international competitors.

Public policy is ako in a period 01 rapid evolution and
fundamental reassessment: Tension between the desire
for new research initiatives and the need for significant
budgetary cutback, is evident throughout government.
Pronouncements by both the executive branch and
Congress have underscored the urgency of setting
research prioritie, and revisiting assumptions around
which national tos.1, tunding decisions have long been
guided. As budgettrapped state and federal agencies
each struggle with the conflicting desire to do moreor
at least betterwith less. the situation has given rise to
new forms of research coordination and institutional
arrangements tor managing funding agencies' Wmi sup-
port. On top of tin-, the end of the Cold War offers an
untold host of opportunities and challenges to the
Nation's entemrise. 'throughout the 1980s and into
the I990s, more than one-half of the government'sand
one-quarter Of the Nation'skm) resources were devot-
ed to deterring th massive military threat posed by the
Soviet rition. With the fall of Soviet Communism. a
major task facing the Nation is to shift these resources to

a,livities that not only address remaining current and
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luttwe defense needs, but also confront the international
economic challenges at the forefront of domestic pohcy
concerns.

Chapter Organization
The chapter is organized into three selmrate, Mterre

bated parts. 'Hie first part describes broad patterns
among N,Ii-funditig and -performing sectorsthe
Federal Government. industry, teadenlia, mid nonprofit
institutions. l'he character of these activitiesthat is,
whether they are basic research, applied research, or
developmentalso is discussed. The focus of the cover-
age is on current expenditure patterns. although trend
material is presented On wi activities covering the past
L. years. In addition. national R&D spending patterns are
analyzed (1 ) with reference to the distribution of these
activities by state, and (2) in comparison with those of
other major WI-performing countries.

The second part considers the federal role in the
national effort in more detail. Transfers of federal funds
to th(' various W,u)-performing sectors are detailed, with
specific attention given to the funding agencies, the
fields of research funded, and the various socioeconomic
objectivesincluding defense and nondefensesupport-
ed. Patterns of r.s. Government R&D support are com-
pared with those of its international counterparts.
Government's defense-related R&D activities, including
defense conversion issues, are covered in some detail.
Other topics addressed are changes in the structure of
federal N& P support, including ways in which federal
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agencies provide support for academic research, and use
of interagency cross-cuniutz initiatives in prioritizing fed-
eral R&D expenditures.

The concluding part looks at growth of industrial R&D
linkages. The industry-federal R&D funding relationships
that were introduced in the first two parts of the chapter
are further developed: Particular auention is given to
R&D expenditure pattents within specific industries. Data
are provided on federal incentives put in place to foster
industry R&D growth indirectlyMr example, IMI) tax
credits; also presented are a series of indicators related
to the transfer of technologies di.veloped in federal labs
to the private sector. In addition, there is material docu-
menting industry's increased reliance On multi-firm and
multi-sector research partnerships. Topics include the
growth of university-industry research centers, domestic
research consortia. international technology agree-
ments, and flows of R&D funds moving both him and out
of the ['tilted States. Shuilar trends for other major R&D-
performing countries are identified.

National R&D Spending Patterns
During the 1980s and early 1990s, hnportant broad

structund changes in the conduct tittl support of Ls.
R&D activities have taken shape. Industry has replaced
the Federal Government as the Nation's largest source
of R&D support, even as industry's share of the Iml) per-
formance total has fallen considerably. State and indus-
try funding of university research has expanded greatly
in recognition ol the contributions of such research to
economic development and commercial competitive-
ness. The focus of federal R&D funding also is shifting,
moving away front defense and toward civilian strategic
concerns. These changes are likely to continueand
even accelerateit; the foreseeable future. An under-
standing of the present situation therefore provides a
framework for assessing future s&T developments, in
this section. national R&D expenditure trends and sector-
specific R&D funding and performance patterns are
reviewed. Broad changes in R&D spending ,atterns since
the early eighties are identified. and recent estimates of
the Nation's 1993 R&D expenditures are summarized.
The geographic distribution of the Nation's R&D activi-
ties is presented, and the discussion closes with a com-
parison of the nationwide Ls. R&D effort to those of
other major research-oriented countries.

Aggregate Trends: From Growth to Leveling
The Nation's R&D expenditures rose rapidly and dra-

matically front the mid-seventies through the first hall of
the eighties, climbing from about 872 billion in 1975 (in
constant 1987 dollars) to more than :;120 billion in 1985.
(See figure .1-1.) During this 10-year period, r.s. R&I)
spending grew on average 5.3 percent annually, and the
R&D/GDP ratio rose from 2.2 to 2.8 percent. Both federal
and nonfederal sectors contributed to this R&D growth.

91

Initially, much ol the perio(l's research expansion wa
directed toward solutions to energy problems: by the
early eighties. however, the focus of the national R,\A)
effort had shifted overwhelmingly toward defense-relat-
edParticularly develoPolenfaclivides.

This Period of rapid R&I) growth was relatively short-
lived. Sluggishness in the economy and its attendant
negative impact on profitsprofits out of which commer-
cial R&D projects are normally fundedslowed private
Mvestment in R&D activities.. Budgetary constraints
imposed on virtually all federal and state government
programsas well as reprioritization of such pro-
gramshave sinCe served to reduce MD gains from 11 w
public sector as well. The conclusion of the Cold War,
and the resultant restructuring and drawdown of the
Nation's military technological base has already, and
likely will further. affect R&D func.r.,z, choices. As a result
of these varied influences, total inflation-adjusted expen-
ditures for R&D have been virtually flat since 1985.
Nloreover. fueled particularly by a reduction in defense
mo spending, they even declined in 1990 and 1991:
National R&D growth slowed to a 0,9-percent average
annual constant dollar rate of increase during tl];. entire
1985-9;1 period, and total R&D expenditures seem to have
plateauedat least temporarilyat about 8130 billion
(constant 1987 dollars) in 1993: The Nation's R&D/GDp
ratio edged downward to an estimated 2.6-percent share
of total.'

R&D Funders. Total funds for MI) in the Unite(h
States 15161 billion in nominal terms) came mainly from
two sources in 1993industry tat an estimated 52 per-

Hicre ;Iry undoubtedly additional reasons bet ond reduced sales
dna profit t.xpectations for die recent slokking industry's R,o1 effort.
the drop in military has certainly ;invited government spending
mul probably industry's as %tell. Indeed. !..0111e dte the
decline in lvderal I) contracting anti "unspecified business condi.
lions'. as Me maior reasons tor the deceleration in their R&D funding
tsks and %sr. 1992a). Officials also note that increases in the real
cost of capital and in the number of corporate mergers and acquisi-
tions may have somewhat curbed R&D growth rates. the latter point
being recently confirmed in a study by Long and Ravenscran (19ml.
l.heir findings, however, do not support the View that 1..1)
Cit averagecau,sed a decline in illy restructured companies' overall
economic portormance: They instead note only thal It& i spending
tends to be curtailed in companies that have undergone a leveraged
buyout.

A recent report from the National Academy ot Sciences, National
Academy tit Engineering, and institute t)I Medicine (19931 noted Mal
RAP tunding above cummt levels is not necessarily required to meet
current societal I goals. The rvuort's idililItiN, wlm represent 50110.
tit the Nation's toremost scientists and engineers, obsen..e that polic
debates too narrowly focused on raising absolute amounts can be
counterproductive. and that more intention should be given to choos-
ing which science act.v.t.es are supported ith public hinds.

The specific cause tor a 8.- billion federal (<tI) funding drop in 199 l
is unknown. To a large extent, the decline appears to wiled redwed
support wont the Air Force and Navy to industry performers. About
half of die decline was, apparently, the result ol a delay in ma project
funding, ni,t a permanent cutback due to defense downsizing.

For recent summaries of national R&D funding trends and shifts in
policy. see Cohen and Noll 99:1), \lottery and Rosenberg

19931. and Reid (19931.

r!
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Figure 4-2.
National R&D expenditures: 1993
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Government - 10%
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NOTE: FFRDC = federally funded research and development center.

See appendix tables 4-4. 1-5. 4-6. and 4-7

cent of total) and the Federal (overnment (12 percent 01
total). "Ile remaining 6 percent came from universities
and colleges, state and local governments, and nonprofit
institutions. (See figure 4-2.) The most recent estimates
show industry support increasing 1 percent (constant
1987 dollars) from 1992 to 1993. federal support rising
about 2 pet-cent. and support from other n(infederal
sources climbing 8 percent. Overall, this equates to less
than a 2-percent inflation-adjusted rate of increase. (See
appendix table 1:1.)

Although most of industry's and academia's IMI) sup-
port go to performers in their own sectors, this is not the
case with the Federal GoveinMent. Ff'deral R&D expen-
ditures reached an estimated S68 billion in 1910. 01 this.

percent funded industry and affiliated federally
funded research and development centers (TRIR.$):

21 percent funded federal in-house Mtramural R&D
performance:

17 percent went to universities and colleges:

8 percent funded FFRDcs administered by universi-
ties: and

5 percent was for institutions in the tmnprolit sec-
tor. including ITRIK's administered by nonprofits.
(See text table 4-1.)

Current estimates tor state governments' oi-/tiusi SI lii' not ;wad.

able. ln 1988. state labs' intramural pertormance reached st).5 httliuti
lste 19901. Thus. national R..t) expenditures totaled an u-stimated
8131.2 billion in 1988. rather than thu 5133.7 billion reported in
appendix table 1-:t.

"Ile estimates of 1993 ml) lumls a.1. bruin (1993(1)..\dditional
forecasts ()I industrial it.o, expenditures are available from Battelle
(19931 and lndustnal Research Institute (1993).

-An I RIK is an organi?ation exclusively or substantially financed by
the Federal (iovernment to meet a particular requirement or provide
inaior facilities for research and associated training purposes. Each
center is administered by an industrial firm. :In indi \ Huai university. a
university consortia_ or a nonprofit institution.

Other -

All FFRDCs 5-0

Universities and
codeges -13%

Development - 59%

, Basic
\\research -

Applied \ 16%
, researcn 25°.\,

By character of work
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The 1993 sectoral funding shares for the Nation differ
somewhat from those of less than a decade earlier. The
most notable change concerns the relative roles of the
Federal Government and private industry. For example.
the federal contribution to R&D funding levels was con-
siderably higher in 1985, when it accounted for a 46-per-
cent share of total-4 percentage points more than the
1993 share. In contrast. private firms have slowly in-
creased their relative share of support for total Ls. R&D
activities, rising from 49 percent of the 19801" total. to 51
percent of the 1985 total, and to a current 52-percent
share. This industrial support includes both in-house
R&D and funding of R&D in other sectors. The share of
R&D support from all other nonfederal sectors also has
risen. from a 3-percent share of total in 1985 to 6 percent
in 1993. (See appendix table 1-3 for background data.)
Given the evolving pattern of collaborative research among
the various performing sectors (described throughout
this chapter), the increased diffusion in R&D funding
sources is a trend unlikely to be reversed in the near
future.

R&D Performers. At an estimated -,'109.3 billion in
1993. industry (exclusive of its Ailiated ITRI)cs) remains
the largest performer of R&D in the United States. R&D
performed by companies accounted for 68 percent of the
national R&D effort." (See figure 4-2.) Aerospace compa-
nies accounted for about one-fifth of industry's perfor-
mance total: companies in the chemicals. computers.

Indc,(1. the tederal portion of the t k..t) support total lots talk-n
rather steadiiv since 1961. when it accminted for about a 67-percent
share.

This k as die first year since such statistics had been collected that
industrial S.h) Iunding surpassed that of the Federal Government.

:"1"he III industry-administered FEttliks perlOrmed On estimated 82.7
billion of w.ll in 1993. They received Ihe bulk Of their funding from
ihe Ilepartinent ot Defense and the atomic energy &tense programs
(It life I hpanment ot Energy.
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communication equipment. and motor vehicl(' s indus-
tries each accounted for about ioi)ercent.

-File second largest km)-performing sector is the
Nation's universities and colleges. exclusive of universi-
ty-administered FFRucs: Mk sector accounted for 13 per-
cent (821 billion) of the I .s. R&D total. Federal funding
provided for an estimated 55 percent of academic R&D
activities in 1993: this was down front a 68-percent feder-
al share in 1980.

Federal in-house R&D (exclusive of all FFRocs) accounted
for an estimated 10 percent (817 billion) of the Nation's
1993 R&D total. This federal intramural performance is
down 2 percent (in constant dollars) front estimated
1999

The 1993 numbers for all indusny represent a 2-per-
cent gain. [niversities R& D performance growth (an
estimated 5 percent after general inflation is taken into
account) outpaced that of all other sectors in 1993, as it
generally has in each of the last 8 years.

Recent changes in kmi performance patterns have
been as pronounced as the changes in the funding- struc-
ture of R&D activities. The main beneficiary of the rela-
tive shifts in these patterns has been the academic sec-
tor. Industry's 68-percent share of the Nation's 1993 R&Ii
performance total represents just a slight decline from
its 69-percent share of the 1989 total, but is substantially
less than the 72-percent performance share held as
recently as 1985. About 26 percent of industry's 1993
R&D perfcirmance was financed by the Federal Govern-
ment (see text table -1-1). mostly by the Department of
Defense it )(if)). The heavy dependence of some indus-
tries on a declining I An) budget is one of the main rea-
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--tins for the recent relative drop in this sector's perfor-
mance share...'

Vniversities and colleges increased their portion of
the R&D performance total over the same period, rising
from 9 percent in 1985 to their present 13-percent share.
This growth in R&D performed orl the Nation's campuses
benefited from steadily proliferating industry-university
partnerships with both federal and state government
funding*

The R&D performance of federal intramural labs
declined slightly from an 11-percent national share in
1985 to 10 percent in 1993; the share for all FFRDcs was
about 5 percent of the respective 1985 and 1993 totals.
Consequently. R&D expenditures in all federal labs
accounted for 16 percent of the national total in 1993,
down from a 19-percent share in 1980 and a 17-percent
share in 1985.

Character of Work. Although the varying goals of
basic and applied research and development make these
activities conceptually distinct, this distinction has, in
many fields, become somewhat blurred. Research can be
directly influenced both by the quest for fundamental
knowledge and by considerations of usethat is, some
basic research is not driven by curiosity alone, but is
explicitly undertaken to achieve applied goals and car-

Industry-specific Imuling details for domestic firms are presented
later in this chapter ("Industry-Governm('nt Interactions"). Industry
comparisons with Ls. international competitors are summarized in
chapter i.

See "lndustry-l'niversity Partnerships- and chapter 5 for other indi-
cators of these trends.

Text table 4-1
National R&D expenditures. by performing sector and source of funds: 1993 (est.)

R&D performers Total

Sources of R&D funds

Industry
Federal

Government

Universities
and

colleges'
Nonprofit
institutions

Millions of dollars

Total . . 160.750 83.550 68.000 6.000 3,200

Industry 109,600 81.300 28,300

Industry-administered FFRDCs? . 2.700 2.700

Federal Government . 16.600 16.600

Universities and colleges 20.550 1.500 11.400 6,000 1,650

University-administered FFRDCs.' . 5.300 5.300

Nonprofit institutions 5.300 750 3.000 1.550

Nonprofit-administered FFRDCs. . 700 700

Percent distribution. sources. 100.0°0 52.0% 42.3% 3.7% 2.0%

Percent
distribution,
performers

100.0%

68.2
1.7

10.3
12.8
3.3
3.3
0.4

= unknown, but assumed to be negligible

movies an estimated SI 85 billion in state and local government funds provided to university and collegeperformers

Rederally funded research and development centers (FFRDCs) conduct R&D almost exclusively for the Federal Government. Expenditures for FFRDCs are

therefore included in federal R&D support, although some nonfederal R&D bupport may be included in the totals

See appendix table 4-3

124
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Definitions

The National Science Foundation uses the following
definitions in its resource surveys.

Basic research: The objective of basic research is
to gain more complete knowledge or understanding of
the subject under study, without specific applications
in mind. In industry, basic research is defined as
research that advances scientific knowledge but does
not have specific immediate commercial objectives,
although it may be in fields of present or potential
commercial interest.

Applied research: Applied research is aimed at
gaining knowledge or understanding to determine the
means by which a specific, recognized need may be
met. In industry, applied research includes investiga-
tions oriented to discovering new scientific knowledge
that has specific commercial objectives with respect to
products, processes, or services.

Development: Development is the systematic use
of the knowledge or understanding gained from
research directed toward the production of useful
materials, devices, systems, or methods, including the
design and development of prototypes and processes.

Budget authority: Budget authority is the authori-
ty provided by federal law to incur financial obligations
that will result in outlays.

Obligations: Federal obligations represent the
amounts for orders placed, contracts awarded, ser-
vices received, and similar transactions during a given
period, regardless of when the funds were appropriat-
ed or payment is required.

Outlays: Federal outlays represent the amounts for
checks issued and cash payments made during a given
period, regardless of when the funds were appropriat-
ed or obligated.

!led out in projects that have strategic objectives. "Ile
s&T enterprise is replete with examples of scientific
advance and technological innovation attained through
the blending of basic and applied research and experi-
mental development work or by combining the knowl-
edge base of multiple disciplines. Ongoing research by
Mansfield (1993), based on interviews with corporate
executives. and Narin and Stevens (1993). using biblio-
metric data, further confirms the close and overlapping
importance of academicgenerally basicresearch to
industry's applied technology concerns." Despite the
indistinct and interrelated aspects of the traditional char-
acter of work categories (see -Definitions-1. examining
the distribution of the Nation's total tt&I) investment
among these categories provides an indication (if intend-
ed sectoral funding priorities, as well as information on
changes in public and private mt) strategies);

Development continues to account for the lion's share
59 percentof u.s. R&D funds. An estimated 25 per-
cent of the 1993 R&D total was for applied research: the
remaining 16 percent was basic research. Each of the sec-
tors funds and performs basic research, applied research.
and development to varying degrees. Different sectors,
however, dominate in these R&D work categories:

'Hie importance ol research and CdtleatiOn Ihe
term competitive strength of die Nation is pointedly noted in a recent
special report by the National Science Board (1992a).

\or has this traditional taxonomy lost all of its itraCtical relevance.
According to Link's preliminary survey findings (lorthcomingt, firms
in the chemicals. machinery. and electric and electronic equipment
industries report that the categories of basic research, applied
research, and d(velopment accurately describe the scope of R&D that
is II) wit-financed and 121 conducted throughout their inthistr..

In 1993, industryincluding ITRIK's administered
by industrial firmsperformed 86 percent and fund-
ed 61 percent of development. The Federal Govern-
ment funded most (38 percent) of the remainder.

Industry performed 67 pei-cent and funded 53 per-
cent of the applied research total. Here agaim the
Federal Government funded almost all-39 per-
centof the rest.

The academic sector performed 62 percent of all
basic research: Universities and colleges accounted
for 51 percent of total, and their affiliated Frtmis foi-

1 1 percent..rhe Federal Ofv( rnment funded 6:1 per-
cent of the Nation's basic research total. (See figure
4-3.)

Since the mid-eighties, there has been a notable shift
in relative emphasis by character of work. These
changes are indicative of the broader shifts under way in
the sources of R&D support and in sectoral funding prior-
ities. As a proportion of total R&I),

development has declined from 65 pet-cent in 1985
to its current estimate of 59 percent,

applied research has risen from 22 to 25 percent.

and

basic research has clitnbed Iront 1:; to an estimated
16 percent. (See appendix tables 4-4, 4-5. 4-6, and 4-7.)

State Distribution of R&D Spending
Many States have pinned their hopes for economic

development and prosperity on the growth of science-
based high-technology industries. In doing so. they
have adopted measures desigoed to broaden their km)

1.Z5
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Figure 4-3.
National R&D expenditures, funders, and performers, by character of work: 1993
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See appendix tables 4-5. 4-6. and 4-7

infrastructure: Ample evidence suggests that a critical
base of research is one of the fundamental requirements
for location and growth of high-tech industries in a
region.'" Yet the current geographic distribution of R&D
activities stems from innumerable past public and pri-
vate sector choices made in light of multiple economic
and scientific factors and considerations, not all of
which are easily amenable to change. Absolute levels of
R&D performance therefore are indicators not only of a
state's current capacity to support s&r-based economic
development but alsoto a certain extentof a state's
near-term potential to build on its swr base. This discus-
sion presents summary material on the geographic dis-
tribution of the r.s. domestic R&D effort. The analysis

-tiee Nit (1991). chapter 1. for a stunmary of wveral state F initia-
tives in the eighties. There are no stematically compiled itnd pub-
lished tabulations available on state I- and R&D involvement other
than the series cited in the 1991 Indicators volume. For further discus-
sion of states' increasing role in supporting the Nation's s1/4T enterprise
And on the general absa-nce ot reliable data tor comparative analysis.
see Carnegie C ottlintssion Ii 992cI.

Devel-
opment

App ied
research

Performing sector

Basic
research
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covers state R&D concentration levelsin the aggregate
and by sectorand indicators of the research intensity
of states' economies.''

Top 10 States and Sector Performance Patterns.
Half of the $145 billion spent on R&D in the United States
in 1991 was expended in six StatesCalifornia. New
York, Michigan, New jersey, Massachusetts, and Penn-
sylvania. Moreover, two-thirds of the national R&D elfort
was performed in 10 Statesthe preceding six together
with Illinois, Ohio, Maryland. and Texas. In California
alone, $28 billionor 20 percent of all t'.S. R&D expendi-
tureswere spent: expenditures ranged between 65 and
$11 billion in each of the other nine leading States. (See
appendix table 4-8.) In contrast. the smallest 30 States
collectively accounted for roughly $20 billion (or less

t:This section presents information on where R&D is p...rtormed by
industry. academia. and federal agencies. ,ind the federally funded lc\
activities of institutions that are part of the nonprofit sector. Consistent
data On the state distribution ot nonfederal R&D expenditures te-ed tv
nonprofit institutions are not compiled.
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than 15 percent) of the R&D conducted nationwide in
1991

Not coincidentally. most of the States that are national
leaders in total mt) performance also rank among the
leadMg sites of industrial and academie R&D perfor-
mance. (See appendix table 4-8.) Of the 10 States that led
in total R&D,

all but Maryland ranked among the top 10 industrial
performers, its position being held by Washington
State:

all but New Jersey ranked among the top 10 aca-
demic performers, its position being held by North
Carolina.

This geographic concentration is not new. For exam-
ple, the 10 States with the highest R&D performance
totals in 1991 were also the top 10 R&D performers in
1975. although their exact ranking has shifted somewhat
over time. Between 1975 and 1991. Texas experienced
the greatest growth in itm) performance-a growth
undoubtedly stemming in part from the State's success
in attracting such high-profile research undertakings as
Sematech (a consortium to develop manufacturing tech-
nologies), the Microelectronics and Computer Tech-
nology Corporation consortium, and the Department of
Energy's Superconducting Super Collider. Meanwhile.
the largest decline in Im0 performance share was report-
ed for New York, which accounted for 8.1 percent of the
u.s. total in 1975, and 7.1 percent by 1991: however, the
increase in actual dollars spent on in-state R&D activities
was greater in New York than in any other State except

Text table 4-2.
Share of U.S. R&D, by state in which the R&D is
performed

1975 1985 1991

Percent
California 18.6 20.7 19.5

New York 8.1 7.8 7.1

Michigan . . 6.1 5.9 6.1

New Jersey ....... 5.0 6.3 6.0

Massachusetts . 4.9 5.6 5.9

Pennsylvania . . 5.5 4.0 5.2

Texas . . 3.0 4.1 4.6

Illinois . 4.0 3.9 4.4

Ohio . . 4,4 3.4 4 1

Maryland 4.7 4.6 4.0

All other 0 35.7 33.7 33.1

-All other includes R&D performed in the 40 states not listed and in
the District of Columbia. and R&D that could not be allocated to a spe-
cific location Individual states included in all other generally account
for shares ot 2 percent or less.

SOURCES Science Resources Studies Division 1SRS1. National
Science Foundation, Geographic Patterns. R&D in the United States.
NSF 89-317. (Washington, DC: NSF. 1989): and SRS. unpublished
tabulations.
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California. (See text table 4-2 and sNs 1989.) The R&

performance shares of two other top 10 States-Ohio
and Pennsylvania-first dipped down, and then in-
creased, during the 1975-91 period. In this context, it is
worth noting that both States adopted in the early 1980s
what arc now nationally renowned NK:T programs-the
Thomas Edison Program in Ohio and the Ben Franklin
Partnership Program in Pennsylvania. Both programs
were originally founded specifically to stimulate research
and innovative activity.

According to data recently compiled for the Carnegie
Commission on Science, Technology, and Government
(1992c), Pennsylvania budgeted more for its technology
programs (832 million in fiscal year 1991) than did any
other State. Appropriations for Ohio's technology pro-
grams were also substantial in 1991 (819 million), but
were slated to suffer severe budget cuts-about 50 per-
cent-by fiscal year 1993. Estimated 1993 state technolo-
gy appropriations ill Texas were, at 830 million, the
largest among all reporting States. In general, the report
concludes that state s&T programs have weathered reces-
sion-driven budget cuts rather well, especially given the
fiscal difficulties facing most States in recent years.
Overall, the relative stability in research distribution dur-
ing the last decade and a half indicates that leading R&D

centers are not easily overtaken-especially if there is a
concerted effort to fortify an already strong ti&T base.

R&D Intensity of State Economies. Just as the ratio
of R&D expenditures to GDP is used to gauge a country's
commitment to R&D and measure the change in this
commitment over time, the ratio of in-state lt&D perfor-
mance to gross state product ((;m') can be used to measure
the research intensity of a state's economic activity.'
Moreover, indicators that normalize for size of states'
economies tend to facilitate more meaningful compar-
isons between states. For the United States. the R&D/

GDP ratio was about 2.6 percent in 1991. Ten States and
the District of Columbia obtained R&D/GSP ratios above
this national average. Interestingly, these were not the
same 10 States that accounted for the largest percentage
shares of the u.s. R&D effort. (See figure 4-4.)

The largest R&DR;SP ratios were achieved in New
Mexico (9 percent) and Delaware (about (3 percent). The
high research intensity of New Mexico's economy
stemmed primarily from the considerable federal sup-
port provided to the several FFRpcs located in the State.
Delawp.re's high R&D/GSP ratio resulted from ...ompara-
tively large in-State research efforts of the chemicals
industry. On the other hand. California and New York

The Bureau ot Economic Analysis has prepared csr data through
1989 and is in the process of updating the data through 1991. t.sr data
used here were estimated based on annual state changes in employee
compensation and proprietors' income. See Renshaw, Trott. and
Friedenberg (19881 for a discussion of those components of economic
activity that comprise the c,st' totals.
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Figure 4-4.
R&D performance by state and ratio of
R&D/gross state product: 1991
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led the Nation in absolute dollars of total km) perfor-
mance. but ranked no higher than 8th and 15th. respec-
tively. in terms of their economi(s' km) intensity:1.7
percent and 2.2 percent, respectively. There were rough-
ly 15 States in which total k&t) activity was less than 80.5
bilhon in 1991 and the resultant m0/GsP ratio was under
1 percent.

International Comparisons''
Absolute levels of R&D expenditures are indicators of

the breadth and scope of a nation's s&T activities. Tlw

The mit data presented here tor the major Mthistrialized countries
are obtained from reports to the Oigankation for Economic Co-opera-
tion and Development Wu. %hich is the most reliable source of
such international comparisons. "I"he United Nations Educational.
Scientific, and Cultural Organiz..ation tt-xl.st.iil reports the few csti-
mates tor dtwelitping countries derived front systematic xxu data col-
lection. There is a fairly high degree of consistency in Ole R&D data
reported by ill t It: Differences in i eporting practices between (oun-
tries are estimated to affect the ftxti/ittit' ratios by no more than O.I
percent INT l993). Data for countries reporting to I N1-5 (. () are less
comparable. principally because of differences in national statistical
collection capabilities and definitions. For a summary tit I xt st it and

D (ata. see sIts I 1991).
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relative strength of a particular country', 1;, I) effort is
further indicated by comparison with other major indus-
trialized countries. This section provides such compar-
isons of international km) spending- patterns. Performer
and source expenditure pattern; are contrasted and
trend data are reviewed. The trends show that t.s. lead-
ership in terms of its financial investment in MI) vis-a-vis
other countries has narrowed considerably during the
past two decades, but that more recently there has been
a worldwide slowing in the growth of such funds. While
sectoral N&D performance patterns are quite similar
across countries. national sources of support differ con-
siderably. Nonetheless, foreign sources of km/ have
been increasing in practically all countries.

R&D Funding by Source and Performer. Just as
the performance of R,KI) activities is heavily localized in
the United States, the worldwide distribution of R&D per-
formance is heavily concentrated in several industrial-
ited nations.- Of the approximately billion in W,
expenditures estimated for Organisation for Economic
Co-operation and Development (01 u. 0) countries. 90 per-
cent is expended in just seven.. Accounting for roughly
-1:1 percent of the industrial world's Wm) investment total,
the United States continues to far outdistance 111c
research investments made hy all other countries. Not
only did the United States :Tend more money on m0
activities in 199l than did any other country, it spent
more than the next three largest performersJapan.
Germany. and 1ramlceconlhiiled. Hie 012.c05 other
three large km) performers were the United kingdom,
Italy. and Canada. (See appendix table -1-35.)

These seven cmintries are fairly similar in terms of
li&I) performance by sector: their sources of national
Km) funding vary somewhat. Industry was the leading
km) performer in each of the seven countries, with
;hares reaching 60 percent or more in the lnited States,
Japan. Germany, France, and the United Kingdom.'
(See figure 14i.) In Italy and Canada, industry has slight-
ly lower shares, but still accounts for more than one-half

Although several developing countries have izr,atly 0;panded iii
lcvel ol national resources they devote to cuviiiaiu research cnorts. thc
overall financial impact ttf their efforts is small compared %nith those to
the large industrialized onintries. For example. estimaicil 1990 kxo
expenditures in Singapore, Taiwan. Ninth Korea. and India conthined
was about 10 percent of the I 1?,\ 1) total (,-Rs 19930.

Etlitnateti are for 1990: see in (199:1a1. Note that these esti-
mates are based on reported Rti investments converted to I .s. dollars
vith purchasiniz power parity Woe) exchange rates. Although en's are
not equivalent I() R.N.!) exchange ran.s per se . they better reficci (Ink r
toces in (-ountrie,: laboratory costs than do market exchange rates.
swe -Purchasing Power l'arities: Preferred Normalizer uul International
b& ) Data.-

-German data are for the former West Germany alone. and do not
include R&D expenditures in the former East Germany.

s. totals are reported diffcrently in this section than they at e eke-
c here in this chapter (see figure R&D performance by Ii kis !-
included within the administering sector. rather than in the govern-
mem's performance totals. Also, industrial ku. ft financed front abritad
are reported si-paratel here. rather than included in the Ministry mud-
ing totals.

i
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Purchasing Power Parities:
Preferred Normalizer of International R&D Data

Comparisons of international statistics on R&D are
hampered by the fact that countries' R&D expenditures
are denominated, obviously, in their home currencies.
Two approaches are commonly used to normalize the
data and facilitate aggregate R&D comparisons. The
first method is to divide R&D by GDP, which results in
indicators of relative effort vis-a-vis total economic
activity. The second method is to convert all foreign-
denominated expenditures to a single currency, which
results in indicators of absolute effort. The first method
is a straightforward calculation, but enables only gross
national comparisons. The second permits finer inter-
country comparisons, but first entails choosing an
appropriate currency conversion series.

Since, for all practical purposes, there are no widely
accepted mu-specific exchange rates, the choice is
between market exchange rates (mERs) and purchas-
ing power parities. These are the only series consis-
tently compiled and available for a large number of
countries over an extended period of time.

At their best. N1ERs represent the relative value of
currencies for goods and services that are traded
across bordersthat is, NtERs measure a currency's
relative international buying power. But because siz-
able portions of most countries' economies do not
engage in international activity, and because major
fluctuations in MERS greatly reduce their statistical util-
ity,* an alternative currency conversion series
Pp Pshas been developed (Ward 1985). PPPS take into
account the cost differences across countries of buying
a similar basket of goods and services in numerous
expenditure categories, including nontradables: The
PPP basket is representative of total gross domestic
product across countries. When applied to current R&D
expenditures of the nation's major competitorsJapan
and Germanythe result is the same: PPPs result in a
lower estimate of total research spending than do
\1ERS, as shown in figure 4-5 (A).**

PPPs are the preferred international standard for cal-
culating cross-country R&D comparisons and are used,
for example, in all official OECD R&D tabulations.
Although there is a considerable difference in what is
included in GDP-based PPP items and R&D expenditure
items, the major components of R&D costsfixed assets
and the wages of scientists. engineers, and support per-
sonnelare more suitable to a domestic converter than
to one based on foreign trade flows. Exchange rate
movements bear little relationship to changes in the
cost of domestically performed R&D.

This point is clearly displayed in figure 4-5 (B) and
(C). When annual changes in Japan's and Germany's
R&D expenditures are converted to u.s. dollars with
PPP.s. they move in tandem with such funding denomi-
nated in the home currencies. Changes in dollar-
denominated R&D expenditures converted with market
exchange rates exhibit wild fluctuations. mER calcula-
tions indicate that, between 1980 and 1990, German
and Japanese R&D expenditures each increased in four
individual years by 30 percent or more. In actuality,
nominal R&D growth never exceeded 30 percent in
either country during this period, and generally was in
the range of 10 percent per year or less. Additionally,
MER calculations would imply that Japan's R&D expen-
ditures declined in 1982, as did Germany's in 1981,
1984, and 1989. Yet foreign-denominated R&D expendi-
tures were positive in each of those years. The use of
mERS here is obviously inappropriate: PPP calculations
result in positive annual R&D expenditure changes con-
siderably closer to the countries' actual funding pat-
terns.

*N1FRs are Aso vulnerable to a number of distortionsfor exam-
ple, currency speculation, political events such as wars or boycotts,
and official currency interventionthat have little or nothing to do
with changes in the relative prices of internationally traded goods.

*Japan's R&D in 1990 totaled :;'66 billion based on ePPs and $90
billion based on NIMis. German R&D was $32 and $42 billion. respec-
tively. U.S. R&D was $145 billion.

of these countries' performance totals. The industry R&D
performance share grew most rapidly in Japanrising
from 57 percent of total in 1975 to 70 percent in 1991.-1 In
most of the seven countries, the academic sector was the
next largest R&D performerH' Only in France and Italy

'Detailed and Imr( extensive data can be found in !-.Rs (1991).
The national totals for Europe, Canada. and Japan include the

research componerr of general university funds OA F block grants)
provided by all levels (it government to the academic sector.
Theretore. at least conceptually, the totals include both acadenna's
separately budgeted research and that undertaken as part of universi-
ties' departmental activities. In the United States. the Federal
tiovernment genera;:y does not provide research support through a

,
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was government's R&D performance (which included
that in several nonprivatized industries, as well as in
some sizable government labs) larger than that of
academia. Government's R&D performance share was
smallest in Japan and the United States.

ht'l. equivalent, preferring instead to support specific separawly bud-
geted R&D projects. (See footnote 34.) On the other hand, a fair amount
of state government funding probabl does support departmental
research at public universities in the United States. Data on depart-
mental research, which is considered an integral pan ol instructional
programs. generally are not maintained by universities. totals may
thus be unrkTestintated relative to the R.th effort reported for other
countries.



Science & Engineering Indicators - 1993 99

Figure 4-5.
Japanese and German R&D expenditures and
annual changes in R&D, at market exchange
rates and by PPPs
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National governments and industry provide a dominant
proportion of each country's respective k&D funding
totals. Shares for these sectors. however. differed sub-
stantially from one country to the next. While govern-
ment provided more than .1-0 percent of R&D funds in the
United States. France, Italy, and Canada. it was the
source of somewhat less funds in Germany (37 percent)
and the United Kingdom (35 percent). and considerably
less in Japan (19 percent). (See figure Industry pro-
vided a share of km) funds roughly comparable to the
government contribution in all countries except Japan
and Germany. Private finns there funded 73 and 60 per-
cent. respectively. (If the national totals. Foreign fund-
ingpredotninately from industry for km) performed by
industrywas an important funding source in several
countries. (Trend data are provided in "Foreign R&D in
the United States.") The funding share represented by
funds from abroad ranged from 12 percent of the United
Kingdom's km) total to a mere 0.1 percent of Japan's
total. In the United States, almost 6 percent of funds
spent on km) in 1990 came from majority-owned foreign
finns investing domestically: This was up considerably
from the 2-percent funding share provided by foreign
firms in 1980. (See appendix table .1-37.)

Total and Nondefense R&D/GDP Ratios. MI) expen-
ditures as a percentage of GDP have become one of the
most widely used indicators of a countryr's commitment
to scientific knowledge growth and technology develop-
ment. France. Germany, Japan, the I;nited Kingdom, and
the United States each maintained an k&D/GDP ratio of
between 2 and 3 percent throughout the 1980s. In 1991,
the ratios for these countries were 2.4, 2.8, 310, 2.1, and
2.6 percent. respectively.'" (In Italy and Canada, this ratio
has changed from about 1 percent to 1.1 percent over the
past 10 years.) For most of these countries, this measure
of their ('conomy's research intensity climbed rather
rapidly from the mid-seventies through the mid-eighties
before settling at their peak levels. Indeed, for several
countriesinclu(ling the United States, United Kingdom.
and Germanythe Rm)/(a)p ratio has drifted downward
since th(' late eighties. Even in Japan, which experienced
the most rapid and unabated m1) growth during the paq
two decades, this ratio dropped slightly in 1991, from 3.1
percent in 1990 to 310 percent of total. Moreover, there
are indications (If a further k&I) slowdown since then
(Swinbanks 1993). With the exception of Germany, annu-
al rates of km) spending growth in all the countries since
1985 is less than those reported for the previous 5 years.
(See appendix table 1-35.) Although cuts in defense mt)
certainly were a contributing factorparticularly in
the United States and United Kingdomthe main
cause of the ov(rall km) spending slowdown in most of
these industrialized countries was that industry-financed
R&D stagnated, and in some cases even declined.

1991R,1),. t,1)11 ratio Mr unified Germany was2.(ipercent.
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Rgure 4-6.
R&D expenditures, by country, source, and performer: 1991
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The above comparisons are of trends in total R&D
spending. Vet, with the end (If the Cokl War and the
recent policy focus on economic competitiveness and
commercializafion of research results, probably a more
relevant indicator of a nation's scientific and technologi-
cal strength is the ratio of nondefense R&D expenditures
to GI )P. This is not to say that defense-related R&D does
not benefit the commercial sector: There unquestionably
have been technological spillovers from defense to the
civilian sector. But almost as certainly, the benefits are
less than if these same resources had been allocated
directly to commercial km) activities. Moreover, consid-
erable anecdotal evidence indicates that the technologi-
cal flow is now more commonly from commercial mar-
kets to defense applications, rather than the reverse.

Intercountry comparisons of k&D expenditures change
dramatically when defense-related expenditu:es are
excluded. The nondefense k&D/01)P ratio in both Japan
(3.0 percent) and Germany (2.7 percent) considerably
exceeded that of the United States (1.9 percent) in 1991,
and have done so for more than two decades. (See figure
4-7 and appendix table 4-36.) The nondefense ks:fi ratio
of France matched that of the United States; those of the
United Kingdom (1.7 percent), Canada (1.4 percent),
and Italy (1.3 percent) were somewhat lower.

In absolute dollar terms, the u.s. international position

was markedly differentand comparatively more favor-
able--than that indicated by the nondefense R&D/I ;Di)
ratios. Between 1980 and 1990, growth in t'.s. nonde-
fense R&D spending was rather similar to that in other
industrial countries, save for Japan, whose nondefense
R&D expenditure growth was notably faster than in the
United States. Thus, as a percentage of the u.s. nonde-
fense R&D total, comparable Japanese spending jumped
from 44 percent in 1980 to 62 percent in 1990. (See fig-
ure 4-8.) Japanese nondefense R&D reached $59 billion
(in constant 1987 dollars). compared with the $94 billion
u.s. nondefense k&li total. Germany annually spent an
amount equal to 28 to 30 percent of Ls. spending during
the JO-year period, while France annually spent an
amount equivalent to 16 to 17 percent of the Ls. nonde-
fense R&D total. In 1989, the combined nondefense R&D
spending in these three countries surpassed that in the
United States; it is now higher still.

Federal Support for R&D
Federal support for the Nation's scientific and techno-

logical base is in a period of flux and re-examination.
With the close of the Cold War and the arrival of a new
administration, public debate has focused on how best
to re-orient the federal effort away from traditional
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Figure 4-7.
R&D as a percentage of GDP, by country
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Figure 4-8.
Nondefense R&D: Foreign spending as
a percentage of U.S. spending
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primarily defense-relatedso- concerns and toward
more commercial technology support. Although these
are not new concepts. defense conversion, dual-use
technology, technology transfer, and research partner-
ing have become an integral part of the current R&D
nomenclature to an extent that would have been
unimaginable 10 years earlier. Federal decisions have a
major impact on the Nation's military and commercial
s&T base and (In its global technological leadership.
With the level of direct MI) federal funding now sur-
passing -;7() billion annually, the specific purposes to
which these funds are being applied, the mechanisms
by which they are allocated, and the effectiveness of
the projects they support are subjects of great interest.

This section examines the role and extent of direct
federal R&D funding. It begins by defining aspects and
patterns of that supportsocioeconomic objectives,
research disciphnes, character of work, agency, per-
former (including federal labs), and the recent focus on
federal interagency initiatives. Specific IMI) funding
issues that have major defense-related relevance are
described, including trends in DoD's mu expenditures
and the government-wide program in support of defense
conversions activities.

Federal Focus by National Objective
The Berlin Wall came down on September 11. 1989, and

2 years laterin December 1991Communism in the for-
mer Soviet Union was replaced with dawning democracy.
With these two events, the debate surrounding
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science and technology policy in the nineties was
irreversibly redefined. The policy focus has since begun
to shift from military technological superiority toward
f(sleral initiatives designed to help recapture glolxil com-
mercial prinlacy.' These changes in national pohcy
objectives are mirrored by changes in the functional
focus of federal R&D support, as indicated in federal
spending documents.

Funding Trends. Federal R&P funding priorities shift-
ed Overwhelmingly toward defense programs in the
1980s: these included both Department of Defense pro-
grams and nuclear weapons research funded by the
Department of Energy (1)0E).2" Defense R&P spending
peaked in 1987 at 839 billion. when it accounted for (i9
percent of the federal R&D total. The only other function
to experience substantial inflation-adjusted my funding
growth during the eighties was health. particularly the
Iz&D programs of the Department of Ilealth and Human
Services (00s). Funding tor spa-e. energy, and a variety
of smaller R,0 budgetary categories held constant at
1980 levels or was reduced. Funding for general science
research inched upward.

In the late eighties. however, the data reflect a distinct
de-emphasis on defense priorities and substantial growth
in health researchmuch of it AlDs-relatedand space
researchprimarily for Space Station Freedom.-
Energy spending held fairly steady, although its empha-
sis shifted from nuclear technologies to coal research.

1994 Funding Patterns. The current administration
has stated (Clinton and Gore 1993) its intent to shift the
focus of federal R&D support back to an even military-
civilian split by 1998. As of this writing, however, it has
had the opportunity to submit only one budget proposal
from which specific s&T priorities might be discerned."'

Of course. die United States is itot du. (nth,' country tor which the
end of the Cold War introduced major changes in the national
landscape. Reunification has prorhiced a host of problems and opnonti-
nities as Fast awl West Gerinam,* etforts are integrated into a sin-
gle united German system. (Meyer-Kraluner 1992), mid defense con-
veron issues are extremely important to the econonnc restructunng
of the former Soviet Union (N 1()931.

'rite Office ol Nlanagement and Budget classifies all activities it ithin
the kderal budget into 20 tonettuijiat categories. There are Ili "him:nuns"
that contain lederal IrNI) programs. For definitions and (tetails. .-.ec -I
(l993b). 'Ile administration recently announced its intention to group
federal m ii expenditures data into I() mutually exclusiv.. categoric, that
will assist in policy and budget decisionmaking. 'Ile Office 01 science
and Technology Policy awl Office of Nlanagemein and Budget have pro-
posed grouping mit data by their relevance to the following national
priority concerns: manutacturing. comnninications and information. nat-
ural resources and the environinent, education and training, transpona-
don. national security, energy supply and demand. food and fiber pro-
duction. health. and a Inth category labeled "other Pi r that would
includy mi) activities not captured in the lirst nine categories.

'Funding for the Space Station rose front 622 million in 1.981, Ow

first year for which this program received a separate budget lin(' item.
lo 61.75 billion in 1991). (See AAA.. annual reports.)

"The data reported here reflect estimates for Mt) programs con-
tained in the administration's 191-1 budget proposal which was submit-
ted to (ongress in April 199:1 (I) \In 1993). "Ilie amounts do not reflect
congressional authorization, appropriation, deferral. and apportion-
ment actions that were completed after these data were collected.

Figure 4-9.
Federal R&D funding, by budget function
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As shown in figure -I-9, national defenseincluding DPP
and DoE fundsremains the single largest focus of the
proposed 1994 federal R&D effort, accounting for 59 per-
cent of total, as it did the 2 previous years. However, as
was the case with 1993 funding, much of the DOD monies
would be devoted to defensewide initiatives, including
dual-use technologies (see "DOD Research, Development,
Test. and Evaluation"). Similarly, within DOE's atomic ener-
gy defense budget, technology transfer activities from
weapons labs to industry is one of the few growth areas.

The following five functions account for 91 percent of
estithated 1994 R&D federal budget authority:

national defense-59 percent. including 1)01) and
DOE funds:

health-15 percent. which is roughly comparable to
the percentage of nonfederal R&D support that is
health-related (see "Health: The Growing Focus of
National R&D Support");

space research-9 percent;

general science-4 percent; and
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Figure 4-10,
Federal R&D funds, by budget function: 1994
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See appendix tables 4-26 and 4-27.
Science & Engineering Indicators- 1993

energy-4 percent. (See figure 4-10,)

Two other functional areas of federal concern each
account for 2 percent of R&D budget authority: (1) trans-
portation and (2) natural resources and the environment.
Environmental research, in particular, has been identified
as an area of specific government interest that is likely to
receive increased funding from the present administra-
tion." The largest single percentage increase for 1994
was provided in the Commerce and Housing Credit

.1Available statistics on such funding, however, tend not to capture
the full extent of these environmentally-related mti activities. Rased on
the programmatic budgetary classifications used in this section. $1.8
billion was slated for natural resources and the environment in fiscal
year 1991. Official budget documents tNtli 19931not constrained by
formal classification schemesreported an environmental R&D invest-
ment of 'non- than 53 billion in 1994, which included $1.5 billion for the
Ls. Global Change Research Program. Using a coinprehensive review
of federal expenditures. Gramp, Teich. and Nelson (1992) identified a
$1.5 billion portfolio for environmental MD in fiscal year 1992, encom-
passing hundreds of programs at more than 20 agencies. The 1992 total
is about 9 percent higher than the estimated $3.7 billion budgeted in
11190, and excludes an estimated $05 billion devoted to environmental
health R&D. and 80.6 billion equally divided between space-related envi-
ronmental sciences and administrative/overhead costs. For further dis-
cussion on this topic. see Carnegie Commission (1992a).
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functionjumping 75 percent over 1993under which
is included R&D support at the National Institute for
Standards and TechnologY (NMI: The estimated ti380
million NIST total comprises both its intramural
research program and extramural Advanced Tech-
nology Program support for precompetitive generic
technokwies.

The functional distribution of basic research fund-
ing differs from that ol the MI) total. In 1994, health is
slated to receive the single largest share (40 percent) of the
federal basic research total. General sciencewhich here
includes funding for the National Science Foundation
(NSF) and for the research part of DOE's now canceled
Superconducting Super Collideraccounts for 20 per-
cent of estimated federal basic research authoriza-
tions. This proportion is down from the 24-percent
share it received in 1980. National defense basic
research accounts for about 9 percent of the 1994 basic
research totalsomewhat less than its 12-percent
share in 1980.

International Comparisons.-- Countries relative
shares of government R&D appropriations reflect marked
(lifferences in national priorities. In the United States, 59
percent of the 1992 federal km) investment was devoted
to national defense, compared to 46 percent in the
United Kingdom, 37 percent in France, 11 percent in
Germany, 7 percent ;.,ach in Italy and Canada, and 6 per-
cent in Japan. (See figure 4-12.) The t'.s. Government
also emphasizes health-related im 0 (13 percent of
total): this emphasis was especially notable in its R&D
support for life sciences given to academic and similar
institutions.'

Data on the socioeconomic objectives of Ian funding arc rardy
obtained by special surveys. but rather are generally extracted in smile
way from national budgets. Since these budgets already have their
own methodology and termittology, these it,n Mnding data are subject
to COM parAility constraints not placed on other types of international
gm) data sets. Nombly. although each country adheres to the sante cri-
teria for distributing their umi by objective (as outlined in (11(0 1981),
the actual classification may differ among countries because of differ-
ences in the primary objective of the various funding agents. Note also
that these data are of government tut) funds only, which account for
widely divergent shares and absolute amounts of each country's Wi
total. The classification of the V.s. totals presented here are generally
consistent with those presented previously in this chapter.

"For detailed comparisonsby field of scienceof government
(national, state, and local) funding of (1) academic research (including
for separately budgeted research and research supported out of gener-
al university funds) and (2) academically elated research (such as
that of university-administered tIRuc s and the National Institutes ot
Health intramural program) in the United States, United Kingdom.
Netherlands, France. Germany, and Japan, see Irvine, Martin, and
lsard (1990). For further comparisons with Canada and Australia. see
Martin and Irvine (1992).

Indicators for 1987 slum., Mr exam*, that all of these countries
emphasized the life sciences in this government-supported research
(31 percent or more of total), with the I nited States devoting a particu-
larly large share (49 percent) of its academic and related support to
this broad field. Relative to other countries, the emphasis in Japan was
on engineering, and in France and Germany on physical sciences.
Relatively high priority was accorded the environmental sciences in
the United Kingdom, and the social sciences in Canada, the
Netherlands. and Australia. See appendix table 4-46.
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Japanes( (wvernment ml) appropriations in 1992
were invested relatively heavily t.51 percent of total) in
the -advancement of knowledge- (which is combined
support for "advancement of research" and "general uni-
versity funds," or tilt. Hnegy-related activities
accounted for 21 percent of governmental k&I) funds,
reflecting the country's concern with its high depen-
dence on foreign sources of energy. In each of the four
Furopean countries and Canada, industrkd development
accounted for 6 percent or more of governmental ktK,0
funding: it accounted tor 1 percent of the apanese total,
but just 0,3 percent of 1'.s. kM). The latter figurewhich
may be understated relative to other countries as a result
of compilation differencesis likely to increase given
the intention of the current administration to provide fur-
ther investment in commercially r(levant km) pro-
gramsnotably within NtsTthat are classified under
this socioeconomic categoty.

Structure of Federal R&D Obligation Support
Federal kmi funding patterns over the past decade

cleat:y wiled changing govenlment priorities. The fol-
lowing sections explore these patterns and priorities by
providing summary information on ledend mo support
by agency sponsor. character of work, scientific field of
inquiry, inode of support, and category of performer,
including that undertaken in governntent laborauiries.'

Patterns of Federal Agency Support. Because
most functional categories receive their mt) support
from relatively few agencies, agency suppoN patterns are
similar to the distribution pattern of (;ovt.Wnment k&I)

In the ()Med states. -advancement (it knowledge" ic a budgetary
ategor tor research unrelated to a ,p,cilie national objeeiive.

Furthermore, oh ereas general university iunds are reponed separate
Iv tor Japan and kuropean countries. the United States does not have
.111 equivalent ht I category: Funds to thy university sector are dis-
tributed tumuli.; the objectives ol the lederal agencies that provide du.
P.fi

Ihe treatment ol ii ) is one of Ow major ireas of difficulty in inak-
ing international o,\ic omparisons. .11 litany countries other than the
United States, uatimcal governments support academic research pri-
marily through large block grants that are usedat the discretion of
each individual higher education institutionto cover administrative.
teaching. and research costs. Only thy component of these gener-
al university tunds are include(t in national R&D statistics, but problems
arise in identifying 0 ) how much the It&P component is, (2) the lund-
ing source (ix.. the governm('nt sector or higher education's Own
hinds); cicit ill) the objective of the research.

Government ci F support is in addition to that which is provided in
the Wm of earmarked, directed, or project-specific grants and con-
tracts (and thereby can be assigned to specific socioeconomic cate-
gories). In the United States, the Federal Covernment (although itot
necessarily state governments) is much more directly involved in
choosing t hich academic research projects are supported than in
Europe and elsewhere. Illus, these socioeconomic data are indicative
not only of relative international funding priorities, but also of funding
mechanisms. For 1992, the (AT- portion 01 total national governnwntal
R.0) support was between 35 and 43 percent in Japan. Italy, and
Germany: about 20 percent in the United kingdom and Canada; and 12
percent in France.

on (1991) and PM (1991) for a review ol issues related to fed-
eral research support.

support by functional objective. In 1991, the Federal
Government will obligate (see "Definitions-) an estimat-
ed 571 billion in support of k,K.0 and related facilities.
.\Ithough some 25 federal agencies contribute to this
total, 95 percent of the tUnding is provided by just 6, as
tollows:

11(11 t-51 percent,

tills-15 percent.

National Aeronautics and Space AdnUnistration
(NASA)-13 percent,

00E-11 percent,

NsF-3 percent, and

Department of Agriculture (1 s0A)-2 percent.

Since 1981,009 has provided more km) funds annual-
ly (for both in-house and external research) than all
other agencies combined. (See figure 4-13.) This domi-
nance in 1010's funding share peaked in 1986 at 61 per-
cent of total.

At S11 billion in 1994, the health programs of tills
particularly its National Institutes of Health (Nni) which
recently absorbed the annual SI billion R&D functions of
the Alcohol, Drug Abuse, and Mental Health Admini-
strationaccounts for the second largest share of all fed-
eral Imp funding.."' tins is also the source of roughly 10
percent of federal basic research funds disbursed nation-
wide, inost of which are slated for research in the life sci-
ences. (See appendix table 1-15.) Between 1986 and
1994, total lI i obligations by tins grew Si billion, or Pi
percvnt in constant dollars." NASA's recent k(K:0 budget
has also climbed significantly. Like that of hIlls, it was up

billion, or 95 percent in constant dollars during th('
1986-94 period. One-fifth of NW'S estimated 1991 k&I)
budget is planned for Space Station Freedom (SES

1993b).
Among the other nondefense agencies, the Depart-

ment of Commerce and the National Science Foundation
have also experienced relatively fast research growth
during the past several years. Between 1990 and 1994,
inflation-adjusted R&D obligations grew by an estimated
49 percent for Cotnmerceprimarily for industry-related
ipplied research supportand by 26 percent for NSF,

especially for university-performed basic research. In
terms of their absolute funding levels, the amount of R&D
support from these two agencies (a combined 83 billion)
pales when compared with those of the top four federal
funders.

'Alps research accounts for sit bil7(in, or 12 percent, of the 1994
tuN R&D funding total.

Health-related research costs, however, have risen considerable
faster than would be indicated by the Gni' implicit price deflator. Mien
utis lt&t) expenditures are deflated with the BRIM (see "Health: The
(',rowing Focus of National R&D Support"), the estimated increase from
1986 to 1994 is one-tourth less (or 34 percent) than that calculated
using the Gm' deflator.
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Health: The Growing Focus of National R&D Support

Congress and the administration are paying consid-
erable attention to issues related to the Nation's health
care system; research is an important component of
overall health costs. Although it would be difficult to
distribute the national R&D total among specific cate-
gories of national objectives, this section attempts to
provide a perspective on federal and nonfederal R&D
trends for health-related investments.

The National Institutes of Health (NIH) annually pro-
vides expenditure data on the source and performance
of the Nation's health R&D. These tabulations are more
comprehensive than the Office of Management and
Budget function data presented elsewhere, because
NIH attempts to include

health-related components of all agencies' FZ&D in
these totals, irrespective of their formal budget
function classification;

expenditures from nonfederal government sources:
and

health R&D from private nonfederal sourcespri-
marily industry, but also private nonprofit organi-
zations such as the Howard Hughes Medical
Institute.

According to NIH (1992), sources of nonfederal
health R&D support grew considerably faster than did
federal sources during the eighties. Public sector
financing accounted for roughly two-thirds of the total
health-related R&D in 1980; of this, about 90 percent
was funded by the federal sector, and the rest was
funded by state and local governmentr. Approximately
one-third of the national health R&D total derived from
private sources. (See appendix table 4-28.) Overall.
about 13 percent of the Nation's R&D expenditures
were health-related: 16 percent of federal R&D was for
health as was 10 percent of the nonfederal total.

By 1992, government's share of the estimated S28
billion spent on health R&D had fallen to less than half:
Only 41 percent of total health R&D support came from
the Federal Governmentmostly NIHand 6 percent
from the states and localities. This decline in the feder-
al share was in spite of a 24-percent increase in the con-
stant dollar support level over the same 12-year
period.* Private sector support, led by the R&D invest-
ments of drug and biotechnology companies, grew by

Figure 4-11.
Funding of health R&D as a percentage of
total R&D, by source

..

4

1980 1984 1988 1992

See appendix tables 4-4 and 4-28.
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almost 170 percent between 1980 and 1992. As a result
of these growth trends, a remarkable 18 percent of the
national R&D investment was related to health in 1992:
comparable percentage shares of federal and nonfed-
eral funding totals were devoted to such purposes.
(See figure 4-11.)

Constant dollar estimates are based on the Bureau of Economic
Analysis/NIH biomedical research and development price index
(8RDPO. Since the BRDPI is designed to reflect price movements in
biomedical R&D. it measures real changes in health Rat) expendi-
tures better than does the broader (An, deflator (Schuttinga 1993).
Between 1980 and 1990, there was a 69-percent increase in the Gin'
deflator. (See appendix tables 4-1 and 4-28.) During this same peri-
od, health-related research costsas measured by the BRDPIrose
by 98 percent. Jankowski (1993) estimates that of the 12 industries
for which an Ra0 price index was calculated, the chemicals industry
(which includes drugs and medicines) experienced the most rapid
increase in R&D costs during the eighties.

DOD emphasizes programs in their development stage:
Relatively little 001) funding is provided for basic or
applied research. Aggregate funding by all other federal
agencies is more evenly distributed among the three
R&D categories (about 30 percent of total for each) and
R&D plant projects (10 percent of total). (See figure 4-14.)

R&D Agency-Performer Patterns. Over the years,
one or two federal funding agencies have come to pro-
vide the bulk of R&D support to each of the different
types of R&D performers. For example, federal R&I)
obligations to FFRDCs are dominated by funding from
DOE and 1)01), and the largest shares of R&D funds for

,

3 f;
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Figure 4-12.
Government R&D support, by country and socioeconomic objective: 1992
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NOTES: German data are for the former West Germany only. Detail do not add to 100% because funding for some objectives (for example. advancement
of knowledge) is not graphed. R&D is classified according to its pnmaly government objective, although it may support any number of complementary
goals. For example, defense R&D with commercial spin-offs is classified as supporting defense, not industrial development.

See appendix table 4-39. Science & Engineenng Indicators 1993

academic and other nonprofit performers originate in
Mts. (See text table 4-3.) Similarly, 001), NA:-,A, and DOE
sponsor applied research within industrial firms and
FFRI)cs administered by either universities, industry, or
nonprofit institutions. In contrast, nonprofit institutes
and the research hospitals of the academic sector
receive the bulk of their applied research and develop-
ment funds from NU1.

The largest recipient of basic research funds (in terms
of estimated 1993 total agency obligations) is universi-
ties and colleges: this sector is primarily funded by int,
(50 percent) and NSF (24 percent). DOE, as in its support
of applied research and development, is the largest
provider of basic research funds to I:HMS under con-
tract with universities. Federal obligations for basic
research in private firms are concentrated (56 percent)
in NASA's research budget. Federal in-house work on
basic research programs is distributed among at least
six major agencies, with the largest portions conducted
by NU! and NASA laboratories. Smaller portions are per-
formed by the Department of the Interior's Geological
Survey and t'sDA's Agricultural Research Service. (See
appendix table 4-13 and "Patterns of Federal Lab R&D
Performance.")

Trends in Character of Work Funding. While there
are distinct and stable patterns in agency-performer mt)
funding trends, notable shifts of relative growth and

decline are apparent in the federal character f work R&D
funding data. As a share of the R&D total, development
obligations grew from 61 percent in 1980 to 68 percent in
1987or 40 percent in constant 1987 dollarsmainly
because of growth in defense-related MD, which is 90
percent development. Since then. the development share
has settled back to 61 percent of total, and inflation-
adjusted obligations have deoined by 9 percent. (See
appendix table 4-10.)

Applied research fell from 23 percent of total in 1980
to 16 percent in the late eighties: this decline reflected
the administration's policy that private industry can
respond to nongovernmental market needs better than
can the Federal Government in making civilian applied
R&D investment decisions. More recently, applied (most-
ly nondefense) research has climbed back to a 20-per-
cent share.

Throughout the 1980-93 period, federal basic research
support has edged upward. from about 15 percent of R&I)

total in the early eighties to about 20 percent of total in
the early nineties. This strong and sustained growth
exemplifies the widespread governmental view of basic
research as essential to the Nation's scientific, techno-
logical, and socioeconomic future.

Fields of Science and Engineering Research.
Among fields receiving federal research support, life sci-
ences garner the largest share of both basic and applied
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Figure 4-13.
Federal R&D obligations, by selected agency
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research obligations. Funding for the life sciences domi-
nates basic research totals and has grown steadily since
the early eighties. (See figure 4-15. Appendix table 4-46
and footnote 33 provide related international comparison
data.) In 1980, the life sciencesincluding the biologi-
cal, medical, and agricultural subfieldsaccounted for
31 percent of all federal basic research support. By 1993,
they accounted for 46 percent (86.6 billion) of the federal
total (814.2 billion). This growthespecially in the bio-
logical sciencesreflects the mission interests of MN,
the major funding agency for life sciences. DOE provides
most funding for basic research in the physical sciences,
which also has experienced steady growth over the past
decade and now accounts for a 23-percent ($3.2 billion)
basic research share.

The total amounts obligated for applied research in fed-
eral agency 1993 budgets were slightly below-3 per-
centthose estimated for basic research: these propor-
tions have remained fairly stable since 1987. (See
appendix tables 4-15 and 4-16.) Life sciences again
received the largest applied research funding support,
just surpassing engineering in terms of percentage share:
34 percent versus 33 percent, respectively, in 1993.
Applied research funding for engineeringled by NASA's
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support for aeronautical engineeringhas risen rapidly
since 1990. Applied research funding for the physical sci-
ences also gained ground in the early nineties. reversing
7 years of inflation-adjusted decline. (See figure 4-15.)

Academic Research Funding.-:' The combined fed-
eral basic and applied research investment reached an
estimated 828 billion in fiscal year 1993. A large fraction
of it-37 percent, including one-half of the basic research
total and one-fourth of the applied research totalwas
carried out in the Nation's universities and colleges. This
funding has been broadly justified in terms of its contri-
bution to the

mission interests of federal agencies (for example,
defense and health);

economic and commercial prosperity of the Nati-3n;

education and training of future scientists and engi-
neers; and

pursuit of knowledge for its own sake.

The structure of this 828 billion in federal research
support is quite complex. Support is spread across many
performers and a variety of disciplines, is directed
toward various funding purposes, and is disbursed
through diverse funding mechanisms. Data for address-
ing sonic of these complexities have long been collected
(and covered in Indicators); to address some of the other
structural aspects for which data have not been system-
atically collected, a special survey (osTP 1992) was
recently undertaken. This survey reviewed academic
research funding during the eighties from six major civil-
ian agencies; it found several distinctive patterns in the
structure of this support..'"

Between 1980 and 1989, federal fundingin constant
dollarshas increased for all modes of support (individu-
al investigator, research team, research center, major
facility), but at different rates for each. The share of
research funds going to individual investigators declined
from 56 to 51 percent over the decade (see figure 4-16);
in contrast, increases in shares were evident for research
teams and major facilities. Changes differed across agen-
cies and disciplines. For example, N1H provided
increased funding for interdisciplinary research, with the
result of stimulating awards to research teams. And,
while the percentage of NSF research funding for centers

'See chapter 5 for inore detailed information on tederal academic
research expenditures, including that in support of universities hidi-
rect costs.

'The six agencies studied were P.:DA. NW, and the
Environmental Protection Agency. um) also participated in the study.
but was unable to provide the specialized data requests for years other
than 1989. The six civilian agencies accounted for more than 95 per-
cent of tlw academic research funded by non-Doli agencies. The report
also contains considerable funding detail on research at federal labora-

. toriesincluding both intramural labs operated by agencies them-
selves and I-FRDCS operated by outside contractors.
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Figure 4-14.
Federal obligations, by agency and type of activity: 1994
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See appendix table 4-10.

rose from 3 percent in 1980 to 8 percent in 1989, trends
in other agencies' mode of support was quite the oppo-
site. Centers' share of the other five civilian agencies'
combined academic research total fell slightly, from 16
to 14 percent.

In terms of funding purpose, shares for thematic
researchthe category that receives the bulk of federal
academic supportdeclined slightly, dropping from 57
percent in 1980 to 56 percent in 1989. Meanwhile, the
funding share for instrumentation increased from 1 per-
cent of total in 1980 to 3 percent in 1989. The funding
shares for disciplinary support and developing human
resources remained level at 33 and 8 percent, respective-
ly, of total.

In short, the report found that while there were defi-
nite changes in the structure of federal research during
the eighties, these changes may not have been as dra-
matic as some had thought. On the other hand, the
report's data extend only to 1989. In light of recent shifts
in federal policyfor example, the increasing emphasis
on thematic research in federal agency research budgets
discussed in -Cross-Cutting R&D Initiatives," below
some of the trends identified for the eighties may be dif-
ferent in the nineties.

Cross-Cutting R&D Initiatives
Several years ago, the Federal Government chose to

revitalize government-wide participation in S&T activities
through the Federal Coordinating Council for Science.
Engineering, and Technology (FCcsET). Chaired by the
Director of the Office of Science and Technology Policy

R&D plant

Development

Applied research

Basic research
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and with membership comprising the heads of almost all
federal research-funding agencies. FCCSET is a mecha-
nism through which the administration plans, budgets
for, and coordinates research programs that are not lim-
ited by boundaries of agencies or disciplines (that is,
"cross-cutting" programs). The FCCSET cross-cuts may
well represent a major component of a shifting science
policy paradigm (Brown 1992).

The Clinton administration, stating its intention to
strengthen the FCCSET process, included funding for six
presidential initiatives in its initial 1994 budget proposal.
Identified as integral parts of an overall strategy to use
science and technology to achieve national goals, com-
bined funding for the six interagency initiatives equaled
$12.5 billionthe equivalent of about one-sixth of esti-
mated 1994 federal R&D support (o$TP 1993).' The six
cross-cuts are

biotechnology research, funded at 84.3

advanced materials and processing, at $2.1 billion;

global environmental change research, at 81.5 billion;

advanced manufacturing technology, at 81.4 billion:

high-performance computing and communications,
at 81.0 billion; and

Precise comparison of the Kist: t initiatives and the federal mi I
total is difficult because I II definitions for the two sets of data are Ili it
necessarily identical. and (2) some double counting may occur for
closely related activities that ar( present in more than one initiative.

1 3 9
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Text table 4-3.
Estimated federal R&D obligations, by agency and performer: FY 1993

Performer

Performer total
federal

obligations

Primary Secondary
funding source funding source

Millions of dollars Percent-- Percent

109

Total R&D 69,754 DOD 52 HHS 16

Federal intramural laboratories 16,643 DOD 50 NASA 16

Industrial firms 31,203 DOD 79 NASA 14

Industry-administered FFRDCs 2,142 DOE 82 DOD 15

Universities and colleges 11,764 1-11-iS 53 NSF 16

University-administered FFRDCs 3,703 DOE 59 NASA 20

Other nonprofit institutions 2,957 HHS 58 DOD 9

Nonprofit-administered FFRDCs 721 DOD 62 DOE 30

Basic research 14,184 HHS 41 NSF 15

Federal intramural laboratories 2,893 HHS 38 NASA 21

Industrial firms 1,104 NASA 56 HHS 19

Industry-administered FFRDCs 227 DOE 95 HHS 5

Universities and colleges 7,070 HHS 50 NSF 24

University-administered FFRDCs 1,468 DOE 66 NASA 23

Other nonprofit institutions 1,228 HHS 71 NSF 11

Nonprofit-administered FFRDCs 79 DOE 86 DOD 11

Applied research 13,715 HHS 25 DOD 25

Federal intramural laboratories 4,948 DOD 28 NASA 18

Industrial firms 2,955 DOD 47 NASA 29

Industry-administered FFRDCs 451 DOE 83 DOD 5

Universities and colleges 3,183 HHS 58 DOD 14

University-administered FFRDCs 916 DOE 75 NASA 16

Other nonprofit institutions 976 HHS 54 AID 24

Nonprofit-administered FFRDCs 101 DOE 61 HI-IS 14

Development 41,855 DOD 76 NASA 11

Federal intramural laboratories 8,802 DOD 74 NASA 13

Industrial firms 27,144 DOD 85 NASA 10

Indus Iry-administered FFRDCs 1,464 DOE 80 DOD 20

Universities and colleges 1.511 HHS 60 DOD 28

University-administered FFRDCs 1,318 DOE 42 DOD 37

Other nonprofit institutions 753 HHS 43 DOD 28

Nonprofit-administered FFRDCs 541 DOD 81 DOE 16

AID = Agency for International Development
DOD = Department of Defense
DOE = Department of Energy
FFRDC = federally funded research and development center
HHS = Department of Health and Human Services
NASA = National Aeronautics and Space Administration
NSF National Science Foundation

See appendix table 4-11.

science, mathematics, engineering, and technology
education. at $2.3 billion, although this FCCSI.7 ini-

tiative is not directly included in an R&D budget."

Multiple agency funding is a hallmark of the cross-
cuts: for most initiatives, however, one or two agencies

"President Clinton announced in August 1993 his intention to modi-
fy support for these six FCCSET initiatives. The biotechnology initiative
is to be eliminated: the advanced materials and processing and
advanced manufacturing technology initiatives are to be combined. In
November 1993. the president established a new cabinet-level National
Sdence and Technology Council to replace FccsET. the National Space
Council. and the National Critical Materials Council.

Science & Engineering Indicators - 1993

provide the bulk of the monies. (See figure 4-17.) For
example, the largest initiative is for biotechnology for
which more than three-quarters of its budget is con-
trolled by NIH whose interests lie primariiy in health-
related programs. Almost 70 percent of global change
research monies come from NASA and includes funding
for its Earth Observing System program which is designed
to address issues such as the greenhouse effect, ozone
depletion. and deforestation. 000 is the primary or sec-
ondary funding agency for four of the initiatives in 1994:
Only in the biotechnology and global change cross-cuts
does 000 not play a major funding role.

140
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Patterns in Federal Lab R&D Performance*

The role of federal lab activity in the Nation's S&T
enterprise has attracted considerable attention of late,
especially in the context of debates on making federal
labs' R&D programs more commercially relevant. (See
"Technology Transfer and Commercialization.") Out of
a total federal $70 billion R&D investment in 1993. labo-
ratories owned or principally funded by the Federal
Government received one-third ($23.2 billion).
Intramural laboratories owned by the government and
operated by agency personnel (government-owned,
government-operated) accounted for 72 percent ($16.6
billion) of the federal lab total; FFRDCs (including both
government-owned, contractor-operated labs, and labs
owned by nongovernment organizations but which do
virtually all of their work for government) accounted
for 28 percent (86.6 billion). (See text table 4-4.)

Three agencies account for almost 80 percent of the
1993 intramural lab effort: DOD labs performed half of
this federal total:** about 15 percent each was under-
taken in NASA and HHS (primarily NIH) labs. Three
agencies also account for most (95 percent) FFRDC
support. DOD and DOE provide most of the funding for
FFRDCs administered by firms and nonprofit organiza-
tions: These two agencies, along with NASA, provide
most of the university-administered FFRDC R&D funds.
This high concentration in the federal labs R&D effort
has been maintained over time. (For longitudinal data
on intramural R&D, see appendix table 4-13; on FFRDCs,
see appendix table 4-14.)

About half the money going to all federal labs is for
nondefense programs. Nondefense lab performance
includes funding for several agencies with a long
track record in cooperating with private industry. For
example, NASA devotes about 10 percent of its R&D to
aeronautics research (sRs 1993b), which by statute is
closely aligned to the interests of the commercial air-
craft industry. Approximately 40 percent of the NIH

research budget is applied and supports programs of
interest to the pharmaceutical and biotechnology
industries (OTA 1993). Moreoveras is borne out by
technology transfer metrics (see "Technology
Transfer and Commercialization") USDA labs have
long undertaken research programs of interest to pri-
vate agriculture, and the central mission of the grow-
ing NIST labs' budgets is to serve industry needs.

The remaining half of the federal total is for defense
labs, including much of the R&D in DOE'S national
weapons laboratoriesSandia, Lawrence Livermore,
and Los Alamos. It is these labs that are facing the
challenge to find alternative activities in light of
expected reductions in defense R&D support. Up until
recently, DOD and DOE labs have focused R&D efforts
on their defense missions. Little attention was given to
technology transfer activities. However, with no new
nuclear weapons now planned and with the defense
drawdown continuing, defense labs have turned
increasingly toward nondefense research subjects
including environmental technologies and the develop-
ment of new products for industry. Indeed, technology
transfer is now identified as a core mission activity of
the Department of Energy. Systematically compiled
data on defense/nondefense resources allocations,
however, are not easily obtained.

*Comprehensive coverage of issues related to federal laborato-
riesparticularly to DOE's multi-program nuclear weapons laborato-
riesin the post-Cold War environment may be found in OTA
(1993). in which ideas for this section originated. See also Davey
(1992) for information on DOD ITRDCS. and Sanders (1993) for a con-
cise historical perspective on current FFRDC issues.

'There is some confusion as to the actual level of DOD'S intramural
R&D effort. The NSF numbers reported here are defined to include
only funds for in-house activities, yet OTA (1993) reports that over half
of this money is passed through to outside defense contractors. The
basis for this conclusion is DoD (undated) self-reports, stating that
only 84.0 billion of total S8.5 billion laboratory research, development.
test, arid evaluation program funds are used for in-house activities.

FCCSET's impact on the budget process may extend
beyond the numbers just presented. In light of cross-
cuts' new-found importance in framing R&D budget pro-
posals, agencies commonly have rushed to highlight cur-
rent research budgets and proposed increases in terms
of their relevance to FCCSET activities. Many of these pro-
grams undoubtedly would be undertaken even without
the VCCSET coordinating mechanism.

Defense-Related Issues
The magnitude and importance of defense R&D in

the Nation's s&T enterprise is currently being trans-
formed. Specifically, the recent changes in u.s. interna-
tional security concerns have resulted in a pressing
need to reduce or redirect the massive R&D investment

C

in financial, human, and capital resources devoted to
the defense industry for the past 40 years. This section
discusses significant shifts in the funding components
that comprise the DOD R&D budget, and summarizes
the recently established federal technology conversion
program."

DOD Research, Development, Test, and Evalu-
ation. There have been substantial changes in U.S. mili-
tary strategy during the past several years: The focus
has shifted from threat of global conflict with a known
superpower adversary to greater concern with regional

''For an indepth discussion of tiw role of defense in the changing
-,&-r environment. see Mc et al. 1992.
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Text table 4-4.
Estimated federal R&D obligations, by selected agency and government laboratory: FY 1993

Agency

Total
R&D

Federal
labs' Intramural FFRDCs

Millions of dollars

Total, all agencies 69,754 23,209 16,643 6,566

Department of Agriculture 1,337 899 899

Agricultural Research Service 654 625 625 0

Forest Service 177 161 161 0

Department of Commerce 622 477 477

National Institute of Standards & Technology 231 159 159

National Oceanic & Atmospheric Administration 379 307 307 0

Department of Defense 36,155 9,597 8,277 1,320

Department of the Air Force 12,652 1,416 1,148 268

Department of the Army 5,737 2,263 2,096 167

Department of the Navy 8,754 3,248 3,024 223

Defense agencies 8,397 2,337 1,690 647

Department of Energy2 6,731 4,745 567 4,178

Department of Health & Human Services 11,143 2,443 2,361 82

National Institutes of Health 10,568 2,242 2,163 79

Department of the Interior 541 482 482

U.S. Geological Survey 326 299 299 0

National Aeronautics & Space Administration 8,629 3,397 2,646 751

= less than $500.000: FFRDC = Federally funded research and development center.

'Total for federal labs is the sum of intramural labs plus FFRDCs.

,Rough ly 40 percent of the Department of Energy's R&D support to FFRDCs is provided to its three weaponslabs: Sandia, Lawrence Livermore, and Los

Alamos National Laboratories.

SOURCE: Science Resources Studies Division. National Science Foundation. Federal Fundsfor Research and Devetopment: Fiscal Years 1991, 1992, and

1993 (Washington, DC: NSF. 1993).
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contingencies. The process of crafting a post-Cold War
defense-a process that began in 1989 after the disman-
tling of th:' Berlin Wall and the subsequent collapse of
Soviet Communism-culminated in the formal elabora-
tion of a new defense strategy released in May 1992
(Cheney 1993). Not surprisingly, elements of this strate-
gy have major implications for the funding of 0()D's
research. development, test, and evaluation (RDT&E)
activities.

From 1980 to the present, funding for Rla&E has
grown consistently-if not smoothly-as a percentage of
ooD's total budget: The IZIYME component rose from 10
percent of total in 1980 ($13 billion of the $132 billion
!KID military outlay) to an estimated 14 percent in 1994

($38 billion of the $269 billion total). In 1990, RDT&F,
accounted for 13 percent (837 billion of the $291 billion)
of DOD's military outlays. This growth demonstrates that
1?,\: 1) funding has been a critical component of the
defense strategy throughout the period. (See appendix
table 4-18.) In contrast to this positive funding trend,
growth in other 1)01) functions has not been so stable.
For example, funding for procurement of weapons sys-
tems rose considerably in the early eighties, from 22
percent of total in 1980 to percent in 1987. Since then,
procurem('nts-out of which R&D in addition to the RDT&E
budget is funded (see "Independent Research and Devel-

11.2

opment") -have fallen both as a percentage of total (esti-
mated at 23 percent of 1994 funds) and in absolute lev-
els. (See appendix table 4-18.)

Within the RDT&E budget, funding for specific mission
categories also has received shifting preferential treat-
ment during the past 15 years.'" Percentage share
funding for DOD's strategic and tactical programs are
almost a mirror image of one another. (See figure 4-
18.) These trends reflect, initially, growth in the Air
Force's major strategic missile systems such as M-X
and Trident II, and-subsequently-a shift in support
toward tactical weapons for theatre warfare servicing
each of the three military branches. Funding for DOD's
technology base fell considerably as a share of total-
from 17 percent in 1980 to 9 percent in 1990-even
though the actual dollars spent for this research cate-
gory inched up each year. Substantial growth in the

'DOD's technology base consists of all basic and applied re-
search expenditures (6.1 fundamental research and 6.2 exploratory
development monies, in DOD's nomenclature). The rest is what Nsl-
calls "development." including funds for strategic and tactical pro-
grams, as well as for the somewhat generic nonsystems "advanced
technology development" work (6.3A in the pop vernacular). For
fuller coverage of these definition issues. see CRS (1986). For con-
siderably greater detail on Don's fiscal year 1994 budget. see non
(1993).
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Figure 4-15.
Federal obligations for research, by field

Chapter 4. Research & Development: Financial Resources and Institutional Linkages
. .

Billions of constant 1987 dollars Billions of constant 1987 dollars

6

5

4

3

2

Basic research

Life sciences

Physical sciences

Engineering

o '

1980

Environmental
sciences

6

3

2

Applied research

Life sciences
Engineering

-

--_- ...._
....- .._ ...--

-- Zama-mental soences
-,... --

Math & computer soences 1- Math & computer sciences---- ___ __---__ ----_---
i I i i , 1 0 1 , I I , i i i

1982 1984 1986 1988 1990 1992 1980 1982 1984 1986 1988 1990 1992

Physical sciences

See appendix tables 4-15 and 4-16.

Figure 4-16.
Federal nondefense research funding to
universities, by mode of research support
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advanced technology development component during
the mid-eighties primarily reflects the funding for-
tunes of Star Wars, the Strategic Defense Initiative's
crash program for the deployment of space-based
weapons."

More recently, development funding for advanced
technclogies and funding for the technology base have
been formally incorporated into the strategic plan under-
lying DOD's Science and Technology Program* The
guiding principle around which the program is orga-
nized is that technological superiority is a key element of
deterrence in peacetime and provides a wide spectrum
of military options in times of crisis. The new S&T pro-
gram thus heavily emphasizes government-supported
R&D in order to maintain the Nation's defense technolo-
gy base. The military departments and defense agencies

"There is a large dip in advanced technology development funding
for years 1993 and 1994 (figure 4-18) because several major Star Wars
projects moved front their technology development phase to their
strategic development phase. Note also that in early 1993 the end of
the Strategic Defense Initiative was formalized and the name of the
administering office reverted to its former title. the Ballistic Missile
Defense Organization.

[The information presented here is based on non reports as of mid-
1992. These reports WOO 1992a and 1992b) outline the tenets of an

T strategy that, despite being several years in the making. is still
under considerable scrutiny and review. Additionally, recent decisions
by the new administration may make certain aspects of the foregoing
discussion inaccurate or obsolete.
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Figure 4-17,
Federal funding for FCCSET inititatives: 1994

Advanced
manufacturing

High-
performance

computing

Global
environmental

change

Advanced
materials

Biotechnology

Science
education

Major contributors
(percentage of initiative total)

DOD .(43%). Energy 127%)

DOD (39%), NSF (31%)

NASA (69%). NSF (12%)

Energy (46%). DOD (21%)

HHS
(78%)

NSF (27%). DOD (23%)

2 3

Billions of dollars

4 5
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will invest almost $8 billion in fiscal year 1994 to support
the Science and Technology Program, as follows:

$1.3 billion in basic research support for 12 science
and engineering disciplines DOD believes are not
addressed adequately elsewherethese are, in
order of importance as indicated from estimated
1993 funding levels, electronics, ocean sciences.
mechanics, materials, physics, chemistry. computer
sciences, mathematics, biology and medicine, cog-
nitive and neural sciences, atmosphere and space
sciences, and terrestrial sciences;

$3.1 billion in exploratory development (applied
research) support4" for II key technology areas
deemed critical to future military needscomput-
ers, software, sensors, communications networking,
electronic devices, environmental effects, materials
and processes, energy storage, propulsion and ener-

gy conversion, design automation, and human-sys-
tem interfaces; and

S3.6 billion in advanced technology development
support for demonstration programs" in each of
seven "s&T thrusts"global surveillance and com-
munication. precision strike, air superiority and

'Together with basic research. these funds comprise the Doti tech-

nology base budget category.
l'One-t bird of these activities are funded through the Advanced

Research Projects Agency.

Figure 4-18.
Department of Defense budget for research,
development, test, and evaluation
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DOD budget: Share by subfunction
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See appendix tables 4-18 and 4-19.
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defense, sea control and undersea superiority,
advanced land combat, synthetic environments, and

.Thnology for affordability.

The facilitation of spin-off technologies from defense
research to the civil and commercial sectors is specifical-
ly acknowledged as part of this S&T strategy.
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Independent Research and Development. In addi-
tion to the federal R&D obligation support detailed above.
1)()D's Independent Research and Development (IR&A))
Program enables industry to obtain federal funding for
R&D conducted in anticipation of government defense
and space needs. Because it is initiated by private con-
tractors themselves, Imp is distinct from R&D performed
under contract to government agencies for specific pur-
poses. !R&D allows contractors to recover a portion of
their in-house km) costs through overhead payments on
federal contracts on the same basis as general and
administrative expenses.''

Until very recently, all reimbursable IR&I) projects
were to have "potential military relevance." There has
been some concern that the defense drawdown will
serve to reduce the civilian R&D effort (Cohen and Noll
1992), not only in the form of commercial spillovers from
weapons research butmore importantlybecause of

-See '.su (1901) for a brief descriptionand Winston (1985) and
Alexander. Hill. and Bodilly 119891 for more detailed accountsint how
reimbursenwnt tor nt&D was, at least until recently. determined. 'Die
exact process and criteria for determining reimbursement is, as 01 this
writing. somewhat in flux. The National Defense Authorization Act for
Fiscal Years 1992 and 1993 IPA.. 102-190) provides for the gradual
removal of limitations on the amount 000 will reimburse contractors
for Imp expenditures and partially eliminates the need for advance
agreements and technical review of Imp programs.

Figure 4-19.
Independent research and development
costs and reimbursements

Billions of constant 1987 dollars
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reductions in 000 procurement (see previous sectionl .

out of which imi) is funded. Given the importance of
iR&I) to industry's investment in critical technologies
identified by 000. the issue has received congressional
attention as well.'" Thus, with these concerns in mind,
the rules for reimbursement have been eased (see foot-
note 48) and the eligibility criteria broadened. Re-
imbursement is now permissible for a variety of Imp
projects of interest to 1)00 including those intended to
enhance industrial competitiveness, develop or promote
dual-use technologies, or provide technologies for
addressing environmental concerns."'

In 1992. industrial firms , ere estimated to have
incurred 84.8 billion in [MD costs, of which 8.1.2 billion
were deemed eligible for reimbursement. The govern-
ment reimbursed 82.3 billion, or 48 percent of the Imp
total.:° This figure is up front the 37-percent share (80.9
billion) reimbursed in 1980. at the start of the defense
buildup. Notably, both the amounts incurred and the
amounts reimbursed have held rather steady since 1984:
After adjusting for inflation, however, these funds have
declined considerably. (See figure 4-19.) As an equivalent
proportion of combined Imp and NASA in(lustrial lt&I) sup-
port, IR& D fell from 11 percent in 1984 to 8 percent in
1992. (See appendix table 4-22.) It remains unclear
whether changes in the niles governing IR&D will have
their intended effect of maintaining this industrial activity.

A snapshot of the Nation's total defense-related km)
expenditures is obtained by combining budgetary data
from several programs. In addition to the federal defense
funding component, a substantial amount of private funds
supports activities with defense purposes. Federal defense
funds comprise 001) spending from its RI yr&f: account and
DOE R&D for its atomic energy defense activities. As previ-
ously mentioned, industry funds considerable IR&I) that is
only partially reimbursed by the government. but that
nonetheless has potential military relevance Adding
together Imp costs that are either reimbursed as over-
head on defense contracts or not reimbursed increases total
defense R&D by 10 percent tor 1992. (See text table -1-5.) The

l'In fiscal year 1991. the nfilitary used 83.8 billion of its N.-ience and
Technology Program's >48.5 billion research total on support tor inn nl
20 critical technologies. For 1900. industry contractoN reported that
62.0 billion in u..0 and >40.8 billion in bid and proposal costs had been
used to address the critical technology goals in In m's plans. Rid and
proposal costs are those incurred in preparing. submitting. and sup-
porting bids and proposals on potential contracts. including technical
background work u, \nn 19(l2a).

it.. 101-510. *Des>. changes also apply to reimbursement eligibility
for industry's bid and proposal overhead costs.

A1 also reimburses some itt&D costs and closely tollov,s lii n, pro-
cedures. During the 1980s. the An-A reimbursements typically ran less
than 5 percent of those by Don. 'The data reported here an. lor only the
100 or so major defense contractors whose accounts are audited and
reported by the 1)efense Contract Audit Agency. in accordance with e.1.
91441. These companies account for an estimated 97 percent of all M.1,.

The fiscal year 1991 Defense Appropriations Act repealed the provi-
sions that required collection ot detailed ntz-0 statistics. Responding to
congressional concerns that the information not be lost UnA0 1992c).
the data series hasto datebeen maintained, although sampling
coverage has been reduced.
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$44 billion estimated here for defense would be equivalent
to 29 percent of the Nation's R&D total.

Defense Conversion: The Technology Reinvest-
ment Project. National defense policies are being
reassessed and redefined, especially as they relate to
support of the Nation's joint military and commercial S&T
interests. In particular, large amounts of money are
being earmarked to help smooth the transition of
defense-dependent resources to commercial and civilian
activities. 'Fills "defense conversion assistance" reached
approximately $1.7 billion in fiscal year 1993.5' Issues
related to the development and deployment of dual-use
technologiesthose with both defense and nondefense
applicationshave prominence in defense conversion
proposals.

Certainly the larges and most notable of initial tech-
nology conversion etrts is the government-wide
Technology Reinvestment Project (TRP). Funded in 1993
with almost S500 million taken out of the RDT&E budget
of DOD's Advanced Research Projects Agency, TRP is an
extremely complex mix of nine individual programs
whose goal is to bolster the economic competitiveness of
defense-dependent resources and increas( le availabili-
ty of dual-use technologies for national s(.curity purpos-
es.'3

Like FCCSET, TRP is a multi-agency cooperative effort,
which is led by ARPA and involvrs NASA, DOE, NSF, NIST,
and the Department of Transportation. ARPA has primary
responsibility for promoting technology development
activities, and NIST is responsible for deployment activi-
ties through its already existing Manufacturing Exten-
sion Services.

TRP's nine programs span the spectrum from creation
of technologies to their commercialization and use; and
from education and technology development, including
spin-on and spin-off technologies," to technology deploy-
ment, including regional outreach efforts. (See ARPA

1993 and figure 4-20.) Each program

'-"Defense conversion is defined as the process by which the people.
skills, technology, equipment, and facilities in defense are shifted into
alternative economic applications. (See Defense Conversion
Commission 1992.) Conversion funding goes to programs covering a
wide variety of activities from technology development, to employee
retraining, to economic relief for communities affected by defense
plant closings.

Authorizing legislation for 11213 comes from title IV of the 1993
Defense Appropriations Act, which provides for eight specific pro-
grams plus a 11/2-percent small business set-aside program. Funding is
provided through ARM'S advanced technology development budget
even though not all activities in TRP can rightly be considered R&D.
Hence, not only are expenditures for defense versus nondefense R&D
activities becoming increasingly indistinguishable in formal account-
ing documents, current funding trends may make even aggregate R&D
estimates somewhat suspect.

"Technology development activities are intended to include applied
development at the precompetitive level: basic research or final prod-
uct development proposals are not funded here. Spin-on activities are
those that demonstrate the defense utility of existing nondefense com-
mercially viae technologies. Spin-off activities are those that demon-
strate nondefense commercial viability of technologies already devel-
oped for defense purposes.

4
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Text table 4-5.
National defense-related R&D support: 1992

Billions
of dollars

Defense-related R&D investments 44.2

Department of Defense RDT&E 37.4

Technology base 4.1

Research' 1.1

Exploratory development' 3.0
Advanced technology development 6.2

Strategic programs 4.5

Tactical programs 13.5

Intelligence and communications 4.6

Defensewide mission support 4.5

Department of Energy defense R&D 2.7

Basic research 0.0

Applied research 0.9

Development 1.8

IR&D with potential military relevance 4.2

Reimbursed ceiling 2.3

Unreimbursed ceiling 1.9

NOTES: Details may not sum to totals because of rounding.
IR&D = independent research and development; RDT&E = research,
development, test, and evaluation.

'In Department of Defense budgetary documents, "Research" is often
referred to as 6.1 money, and "Exploratory development' as 6.2 money.

SOURCES: Department of Defense, ROT&E Programs (R-1): DOD
Budget for Fiscal Year 1994 (Washington, DC: The Pentagon, 1993);
DOD. unpublished tabulations; and Office of Management and
Budget,unpublished tabulations.
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requires competitive awards;

contains participation and organizational require-
ments for the involvement of firms, universities,
nonprofit organizations, and state and local govern-
ment agencies; and

requires at least 50 percent cost sharing.

The three largest programs collectively account for
more than one-half ($269 million) of total TRP funds.
Rather than focus on developing new technologies, each
of these programs is concerned partially (Regional
Technology Alliances Assistance Program) or solely
(Defense Dual-Use Assistance Extension Program and
Manufacturing Extension Program) with deploying
existing technology for near-term commercial and
defense products and processes.

The initial indication is that TRP has garnered consider-
able industry interest. More than 2,800 proposals were
submitted for 1993 funding. Proposed nonfederal match-
ing funds totaled $8.4 billion in combined cash and in-kind
contributions. This amount represented a 16-fold oversub-
scription to available government funds. About two-thirds
of the proposals (75 percent of funds) dealt with develop-
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Figure 4-20.
R&D funding for defense conversion, by technology reinvestment program and activity emphasis: 1993
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SOURCE: Technology Reinvestment Project, Advanced Research Projects Aaency, Program Information Package for Defense Technology Conversion,
Reinvestment, and Transition Assistance (Arlington, VA: ARPA. 1993).

ing technologies, and one-fifth of the proposals
(in terms of both number and dollar value) focused on
deployment. The proposals included diverse multi-insti-
tution and multi-sector research teaming. On average,
there were four or five participants per TRP proposal
submitted.

Industry S&T Linkages
The industrial sector is both the largest R&D per-

former and the major R&D funder in the United States.

Science & Engineering Indicators - 1993

Changes in industry's R&D activities therefore are not
only important in their own right, but also as a barome-
ter of activities likely to be observed in all sectors of the
economy. Since the mid-eighties, there has been a slow-
ing in the growth rate of public and private support for
industrial R&D activities. Concurrent with the funding
slowdownindeed, partially in response to itthe num-
ber of cooperative research relationships among the vari-
ous k&D-performing sectors of the economy has
increased rapidly. Within the industrial sector, firms
have forged a variety of domestic and international coop-

14 7
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tors primarily as a cost-effective means ot developing
those generic technologies crucial to future sales
growth. Companies also have establislwd collaborative
arrangements with laboratories outside of industry--
including government and university labsin an ongo-
ing effort to develop external sources of R&D expertise.
discover commercially viable technologies, and leverage
scarce resources. In this section, indicators of t!.s, indus-
try's intra- and inter-sector R&D partnerships are dis-
cussed. The discussion closes by placing the u.s. indus-
try R&D effort in a global context.

Industry-Government Interactions
Policies of the Federal Government influence industri-

al R&D activities in a variety of ways. Just as often, howev-

er. government policies are themselves a response to
independent changes in the industrial technological
enterprise. In this section, three components of industry-

government s&T interplay are discussed: direct R&D sup-
port, tax policy, and institutional arrangements for the
conduct and sharing of R&D. The focus here is on indica-

tors of collaboration between firms and federal laborato-
ries. The following sect; ms contain indicators of other
industry R&D partnerst .)s that government policy helps

foster.

Direct R&D Support, by Industry. From the early
seventies through the early eighties, the share of indus-
trial MD activity financed by the Federal Government
declined rather steadily from about 40 percent of the per-
formance total to about a 30-percent share in each year
from 1980 to 1984.' (See figure 4-21.) This trend was
reversed with the defense buildup of the 1980s, which
brought increased funding for the development and
upgrading of military technologies. This buildup caused
the percentage gains in the federal R&D contribution to
first keep pace with, and later slightly surpass, the pri-
vate contribution. Since 1987. federal support to industry
has fallen considerablyafter adjusting for inflation
and industry's R&D self-funding has been basically flat.
(See "R&D Funders.") By 1993, the Federal Government
provided just one-fourth of the money used to fund
industrial R&D performance: private financing accounted
for the remaining three-quarters of industry's total R&D

expenditures.
Two industries received 76 percent ($19 billion) of

total federal R&D support to the industrial sector ($25 bil-

lion) in 1991, the most recent year for which industry-

specific detail is available. Aircraft and missile companies
received a combined $15 billion: firms in the communica-
tion equipment industry were federally funded at $4 bil-

'These figures exclude Kw performance within the various indus-
try-administered FERPcs. Including the R&D performed in those labs
which by definition is 100-percent federally fundedthe federal share
of total industn, mu performance is 1 to 3 percentage points higher

each year.

Figure 4-21.
U.S. industrial R&D expenditures,
by source of funds

Billions of constant 1987 dollars
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lion. The high concentration of the federal R&D budget
in these two industries stems from the funding primacy
of DOD (see text table 4-3). coupled with the develop-
ment emphasis in defense R&D (see figure 4-14): Such
large-scale projects are not easily spread among multiple
firms or multiple industries. For example, only 4 percent
($0.9 billion) of federal 1991 R&D funding to industry
went to firms with 500 or fewer employers; 84 percent of
such funds went to firms with more than 25,000 employ-

ees. (Industry-specific trend data are displayed in
appendix tables 4-31 through 4-33. Industry-specific
international comparisons are analyzed in chapter 6,
and federal small business R&D support is summarized
in "SBIR Program Continues to Fuel Small Business
R&D.")

Industries vary considerably in their dependence
on federal R&D funding. Not surprisingly, aircraft and
missile companies received especially large portions
of their R&D support from federal sourcesfully 70

percent. (See figure 4-23.) Forty percent of R&D per-

formance in the communication equipment industry
was federally funded, as was 28 percent of the entire

'fhis support is provided largely under the aegis 01 R&D federal
defense contracts. Such contracted R&D expenditures are in addition
to lit&I) overhead allowances to industry on military procurements by
the gite4r8nt. See "Independent Research and Development."
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SBIR Program Continues to Fuel Small Business R&D

Small business is a significant source of innovation
and a successful mover of R&D results into new prod-
ucts. The Small Business Innovation Research (sBIR)
Program was created in 1982 with the intent of
strengthening the role of small firms in federally sup-
ported R&D. Since that time, more than $3 billion in
R&D support has been competitively awarded to quali-
fied small businesses (SBA 1992b). Under this pro-
gram, which is coordinated by the Small Business
Administration (sBA), when an agency's external R&D

obligations (that is, those exclusive of in-house R&D

performance) exceed $100 million, the agency must
set aside a fixed percentage of such obligations for
sBIR projects. This percentage was originally 1.25 per-
cent, but under the Small Business Research and
Development Enhancement Act of 1992, it will rise
incrementally to 2.5 percent by 1997.

To obtain funding, a company applies for a phase I
SBIR grant: The proposed project must meet an agen-
cy's research needs and have commercial potential. If
approved, grants of up to $50,000 are made so that the
scientific and technical merit and feasibility of an idea
may be evaluated. If the concept shows potential, the
company can receive a phase II grant of up to $500,000
to develop the idea further. In phase III, the innovation
must be brought to market with private sector invest-
ment and support. No SBIR funds may be used for
phase III activities.

Eleven federal agencies participated in the SBIR

Program in 1991, making awards totaling $483 million,
an amount equivalent to 0.8 percent of all government
R&D obligations. Although three-fourths of the grants
awarded were phase I grants, roughly 75 percent of
total SBIR funds were disbursed through phase II
grants. Approximately half of all sin obligations were
provided by DOD, mirroring this agency's share of the
federal R&D funding total. (See appendix table 4-23.)

By most accounts, the Sim Program has been a suc-
cess. To SBA'S favorable' self-assessment of the pro-
gram's commercialization accomplishments (sBA
1992a) is added generally positive critiques from non-
agency reviewers. For example, the General
Accounting Office (1992b) estimates that, through

mid-1991, the SBIR program had generated $1.1 billion
in sales and additional developmental funding, with $2
billion more expected by 1993 year end. (The program
also receives positive reviews when assessed from a
state economic development perspective; see
Anuskiewcz 1992.)

SBA classifies Stu awards into various technology
areas. (See appendix table 4-24.) In 1991, the technolo-
gy areas receiving the largest (value) share of phase I
awards were information processing and optical lasers:
information processing and biotechnology were the
leading technology areas for phase II awards. In terms
of all sBIR awards made during the 1983-91 period,
roughly one-fifth were computer-related and one-fifth
involved electronics. Both of these technology areas
received more than one-half of their support from DOD
and NASA. One-sixth of all SBIR awards combined went
to life science research, the bulk of such funding being
provided by HHS. Materials-related research, which is
funded largely by DOE and NSF, accounted for another
sixth of total sBIR awards. (See figure 4-22.)

Figure 4-22.
Small Business innovation Research awards,
by technology area: 1983-91
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See appendix table 4-24.
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was federally funded, as was 28 percent of the entire
electrical equipment industty. The Federal Government
also provided a large share of R&D funding to certain
nonmanufacturing industries. In 1991, it supplied near-
ly one-third of the R&D funds used by firms whose pri-
mary activity involves R&D and testing services and
more than one-fourth of the R&f.) funds used by com-
puter-related and engineering services firms. (See
appendix table 4-34.)

149

R&D Tax Credits. In addition to direct financial R&D

support, the government has tried to stimulate corporate
spending indirectly by offering tax credits on incremen-
tal research and experimentation (R&E) expenditures.':
The credit was first put in place in 1981 and has since
been renewed six timesmost recently, through the

'Not all R&D is eligible for such credit, which is limited to expendi.
tures on laboratory or experimental g&n.
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Figure 4-23.
Share of industrial R&D funding,
by source and industry: 1991
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See appendix tables 4-31, 4-32, and 4-33.
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end of June 1995. ' Although the computations are com-
plicated, the tax code provides for a 20-percent credit for
the amount by which a company's qualified R&D exceeds
a certain threshold. The Tax Reform Act of 1986
allowed companies to claim a similar credit for basic
research grants, contributions, and contracts to universi-
ties and other qualifying nonprofit institutions; this cred-
it also is in effect through mid-1995.

As part of the federal budget process, the Treasury
Department annually calculates estimates of foregone tax
reverle ("tax expenditures") due to preferential tax pro-
visions, including the ME tax credit. As one measure of
budgetary effect, the .Freasury provides outlay-equivalent
figures: These allow a comparison of the cost of this tax
expenditure with that of a direct federal R&D outlay. (See
"Definitions.") Between 1981 and 1992, more than 820 bil-
lion was provided to industry through this indirect means

'Reflecting the tentative political support afforded the credit since
its inception. it was allowed to expire on June 30, 1992. After more than
a year in limbo, the credit was extended by the Omnibus Budget
Reconciliation Act of 1993 for 3 years retroactive to July 1992.

11 le complex base structure tor calculating qualified R&D spending
was put in place by the Omnibus Budget Reconciliation Act of 1989.
With various exceptions, a company's qualifying threshold is the prod-
uct of a fixed-base percentage multiplied by the average amount of the
company's gross receipts for the 4 preceding years. The fixed-base
percentage is the ratio of mi.. expenses to gross receipts for the 1984-

88 period. Special provisions cover start-up firms.
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of federal R&D supportan amount equivalent to about 3
percent of direct federal R&D support. (See appendix
table 4-25.) In general, based on data available through
the mid-eighties. the companies that took the most
advantage of the credit were large firms that produce sci-
entific instruments, office and computing machinery,
chemicals, and electrical equipment (GAO 1989).1'

Technology Transfer and Commercialization.
Industry representatives (Burton 1992) have sounded
the call to open federal labs up to private enterprise for
the benefit of the entire Nation. At the heart of this
debate is the belief that the 820-plus billion in research
activities undertaken by government haveif properly
focused and directedcommercial applicability. (See
"Patterns in Federal Lab R&D Performance.") Federal
concern over U.S. industrial strength and world competi-
tiveness has thereby catalyzed efforts to transfer tech-
nologies developed in federal laboratories to the private
sector. Four measures of the extent of federal technolo-
gy commercialization efforts and federal-industry collab-
oration are presented in this sectioninvention disclo-
sures, patent applications, cooperative research and
development agreements (cRADAs), and licenses granted.

The term "technology transfer" can cover a wide spec-
trum of activities, running the gamut from the informal
exchange of ideas between visiting researchers to con-
tractually structured research collaborations involving
the joint use of facilities and equipment. Only recently,
however, have technology transfer activities become an
important mission component of federal labsalthough
some agencies have long shared their research with the
private sector (e.g., USDA's Agricultural Research
Experiment Stations and NASA's civilian aeronautics pro-
grams), and several laws passed in the early 1980s
encouraged such sharing (notably, the 1980 Stevenson-
Wydler Technology Innovation Act).

One reason for this new emphasis on technology
transfer stems from practical considerations: Industry is

'''In an early assessment of the tax's effect on R&D spending, Cordes
(1989) found conflicting evidence: Studies based on corporate tax
returns and on aggregate time-series modeling indicated significant
stimulatory effects; considerably more moderate results were indicat-
ed from studies based on compankspecific time-series analyses, indus-
try questionnaire responses, and evidence from other countries. In
contrast, 1-fall (1992)using more recent and extensive publicly avail-
able company-specific data on lt&I) spendingconcludes that the tax
credit has had its intended effect, although it took several years for
finns to fully adjust ii&t) spending patterns to take advantage of oppor-
tunities provided by the credit. She estimates that the amount of addi-
tional R&D spending induced by the credit was twice the cost in fore-
gone tax revenue.

Whatever its ultimate impact on R&D spending, the tax credit has
certainly influenced spending less than had it been less subject to
erratic legislative treatment. The tax credit has had to be repeatedly
(almost annually) renewed, its calculation provisions have changed
considerably over the years. and it was even allowed to lapse fur more
than a yearall of which circumstances created considerable uncer-
tainty for businesses that would otherwise have planned to take the tax
creditja0
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interested, federal money is available, and government
defense labs are amenable to and available for such
activities as an alternative to their declining defense
work (o-rA 1993). Another reason is recent legislative
changes. Whereas the Federal Technology Transfer Act
(VITA) of 1986 authorized government-owned and -oper-
ated laboratories to enter into CRADAs with private indus-
try, it was not until the 1989 passage of the National
Competitivenest; Technology Transfer Act (NC1TA), that
contractor-operated labs (including DOE's FERDCs) could
also enter into CRADAS.

According to most available indicators, federal efforts
to facilitate private sector commercialization of federal
technology have made considerable progress since 1987.
(See figure 4-24.)

The number of active CRADAs between federal labs
and private industry increased ninefold, rising from
108 in 1987 to almost 975 in 1991.":' NASA (at 25 per-
cent of the total) and t'SDA (with 18 percent of the
total) accounted for the largest number of CRADAs
in 1991: DOE's CRADA total rose from 1 in 1990 to 43
the next year.

Federal labs increased their number of invention
disclosures'" by 60 percent, and more than doubled
their number of patent applications between 1987
and 1991. DOD led all other agencies in these
efforts.

The number of exclusive and nonexclusive licens-
ing agreements between firms and federal laborato-
ries increased by 100 percent. DOE granted the
largest number of licenses (351) to industry in the
1987-91 period.

'Industry's 0.cent interest in federal lab technologies and expertise
is documented by Roessner and Bean (1993). Between 1988 and 1992.
there was a significant increase in both formal (cooperative, contract
and sponsored research. technology licensing, and employee
exchange) and informal (information dissemination. company visits to
federal labs, seminars, and technical consultation) interactions
between federal labs and industrial firms. And although the frequency
of informal interaction was more extensive, cooperative research with
federal labs apparently holds much promise among company research
directors. More than 70 percent of them agreed with this view in 1992:
only 35 percent of these directors had held this opinion in 1988.
Significantly, about 40 percent of the 1992 industry respondents said
that their labs had interacted "rarely" or not at all with federal labs dur-
ing the past 2 years. In 1988, that proportion was virtually identical.
The authors note that companies with relatively extensive experience
in working with federal labs have increased the frequency of their
interactionfamiliarity has bred collegiality. The greatest increases in
such interactions have been in licensing and cooperative research.

-"Office of Technology Commercialization (1993b). 'Mese figures
include NASA's cooperative R&D agreements which are authorized by
the National Aeronautics and Space Act of 1958. Excluding the NASA
totals, there were 731 active RADAti in 1991. As of mid-1993. those 10
agencies. excluding NASA. that have elected to use CRA0As had 1.500
active or complet('d cRADAs (Grant Stockdale. monthly).

"'Under its Disclosure Document Program. the Patent and Trade-
mark Office accepts and preserves for a 2-year period papers disclos-
ing an invention, pending the filing of an application for a patent
(Patent and Trademark Office 1989). This disclosure is accepted as
evidence of when the invention was conceived; it does not, however,
provide any patent protection.

Figure 4-24.
Federal technology transfer indicators
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Industry-University Partnerships
Since the late seventies, there has been a considerable

increase in industry's interactions with university
researchers. By supporting academia, industry gains
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access to both cutting-edge research and a downstream
employment pool. For entrepreneurial university re-
searchers, industry collaboration offers an additional
source of funding and intellectual stimulation, access to
state-of-the art facilities, and special educational opportu-
nities for their students. Industry-university interactions
have, during the past decade or so. benefited from a vari-
ety of federal and state programs set in place explicitly to
encourage such collaboration."'

"rwo indicators of the expanding industry-university
network are (1) industry's academic R&D funding sup-
port in general and (2) the growth of university-indusuy
research centers (utkcs) in particular.

Nationwide, industrial sources of support for academic
R&I) have grown faster than all other sources of support,
increasing more than 300 percent in constant dollars
from 1978 to 1993. In contrast, support from other
sources has doubled during this 15-year period. (See
appen(lix table 1-3.) There has, however. been some
recent slowing in the rate of industrial funding growth,
from annual average gains of 12.3 percent between 1978
and 1986, to On estimated 7.8-percent increase per year
since then. This deceleration in industry's academic
research support parallels broader trends in industrial
km) funding documented elsewhere ("R&D Flinders")
As a proportion of the Nation's total academic km) effort.
industry sources of support increased from 3 percent in
1978 to an estimated 7 percent (or $1.5 billion) in 1993.

Although research funds are distributed to academic
investigators through variow-: means, it would appear
that the most used mechanism b' far is via industry
funding of university-affiliated research or technology
centers. From a comprehensive national survey, Cohen.
Florida, and Goe (1993) estimate that the 1,000-plus
IIRCS existing in 1990 expended 82.7 billion on R&D
activities. This research was funded out of an estimated
total budget of 84.3 billion: most of the remaining
budget was spent on (IRC education and training activi-
ties. Industry funded 31 percent of t'lkcs' total budget
(see figure 4-25) which is a share that far exceeds indus-
try's overall 7-percent academic R&I) funding share.
Furthermore, the sheer number of tAkcs established in
the 1980sfour times more than the number founded in
the 1970sattests to the growing importance of these
industry-university partnerships. Other findings of the
centers study follow.

'See it (1991), chapter 4, for a brief review ot the extent of state-
iMtiated achvities. An important component of most state technology
development strategies is to provide funding and/or organizational
support for linking, and thereby building on. existing in-state academic
research and industrial technological strengths. Furthermore. over the
past two decades. ssr initiated several programs in engineering and
other disciplines to build research centers at universities partly to
encourage interdisciplinary research and partly to stimulate interaction
between academia and industry. For further information on the impact
of government's technology policies on industry-university research
relationships. see (;overtunent-university-lndustry Research Roundtable
11991).

Figure 4-25.
Growth In university-industry research centers,
and source of funds
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Foundation (Pittsburgh: Carnegie Mellon University, 1993).

Science 8 Engineering Indicators 1993

Company involvement in mt.'s is widespread: The
average number of businesses participating per cen-
ter in 1990 was 17.3, and the median was 6.

The LIRC R&D effort is divided roughly into 43 per-
cent basic research, 41 percent applied research,
and 16 percent development.

Centers are involved in a broad range of activities,
not all of which would be considered high-technol-
ogy areas. Of the 502 UIRCS reporting this informa-
tion, 42 percent underOok R&D related to the
chemicals and pharmaceuticals industry, 35 per-
cent reported doing R&D related to computers, 29
percent to electronic equipment, 29 percent to
petroleum and coal products, and 26 percent to
software.

A main reason industry support was sought by uni-
versities was to offset what is perceived to be inade-
quate research funding from government. Yet 72
percent of the tr1RCs were established either wholly
or partially based on funding provided by the federal

1 5 2
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or state government: of those. 83 percent indicated
that they would not have been established in the
absence of government funding.

Among the most effective mechanisms for technol-
ogy transfer are collaborative R&D projects and in-
formal meetings between university and industry
researchers.

Industry-Industry Partnerships
Although longitudinal data on multi-firm collaborative

R&D activities are wanting, there is significant anecdotal
evidence to indicate considerable increase in such part-
nerships. There is also a growing body of literature that
assesses the reasons for the increase in these partner-
ships, their organizational structure, and their economic
and political implications:6 Most intra-industry collabora-

See, for example, Link and Bauer (1989) and Vonortas (1991).

Figure 4-26.
Growth in R&D consortia registered under the National
Cooperative Research Act

1985 1986 1987 1988 1989 1990 1991 1992 1993

NOTE: Unshaded part of 1993 total estimated from filings as of June 1993
(shaded part of bar).

SOURCE: Office of Technology Commercialization. Department of
Commerce, Research aid Development Consortia Registered Under the
National Cooperative Research Act of 1984 (Washington, DC: DOC, 1993).
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lions seem to be a response to the same competitive fac-
tors affecting all industries: rising R&D costs and risks in
product development, shortened product life cycles,
increasing multidisciplinary complexity of technologies,
and intense foreign competition in domestic and global
markets." It also would appear that most cooperative
research is not meant to substitute for, but rather to
complement, firms' in-house research activities. In this
section. several indicators on national and international
intra-industry cooperative R&D are discussed.

Domestic R&D Consortia. l'.s. industry has benefit-
ed from certain federal provisions enacted to create a
more favorable environment for multi-firm cooperative
relationships, the most notable being the National
Cooperative Research Act (NCRA)of 1984. NCRA encour-
ages research collaboration among industry competitors
by better defining joint It&D ventures OM's) and protect-
ing them from antitrust suits.' Through June 1993, more
than 350 filings of U.S. cooperative research ventures had
been registered under the act (Office of Technology
Commercialization 1993a). After an initial rush to regis-
ter in 1985. the number of filings fell off significantly in
the next few years. However, since 1989. the number of
registered JRVS has grown annually, and had surpassed
its 1985 level by 1991. (See figure 4-26.)

Up to half the filings are for project-specificoften
two-memberventures, not all of which are currently
ongoing. Many of the other jRv formal filings have been
made by firmsor their research organizationsin
three regulated utility industriestelecommunications.
electric power, and gas/oil. Nonetheless, NCRA does seem
to have encouraged growth in the number of multi-firm
R&D consortia whose focus is generic. precompetitive
research projects: and joint research ventures have been
registered in industries with activities as diverse as software,
pharmaceuticals, semiconductors, sensors. and forest
products." An indeterminate number of the registered
consortia have gained federal support. including some of
the more well-known endeavors such as DoD's funding
for Sematech and DOE's participation in the Advanced
Battery Consortium.'

See Douglas (1990) for a concise Slimmary of the benefits 01 R&D
collaboration. and Mowery (1989) on research collaboration bi.tween
r.s. and foreign firms.

-NcitA states that Ikys will not automatically be considered illegal as
anti-competitive, but that such consortia will be judged after weighing
potential benefits and costs. Further. N(12.1 limits potential liability for
tRy behavior that ultimately is ruled anti-competitive to actual costs
rather than treble damages as is otherwise the norm. See Link and
Tassey (1989).

'The full extent of domestic multi-firm research collaboration is
unknown. In fact, one somewhat outdated estimate holds that up to 90
percent of all t'.s. industry cooperative research arrangements in 1981
were informal partnerships (Link and Bauer 1989).

Unfortunately, there does not seem to be a comprehensive list on fed-
eral participation in. and support to. the various industry It& 0 consortia.
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Figure 4-27.
New transnational corporate technology
alliances, by industry and region
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International Strategic Technology Alliances.'"
Alongside growth in domestic collaborative R&D activi-
ties during the 1980s and into the early 1990s, there is
evidence of a sharp increase in transnational joint
research funding throughout the industrialized world.
The number of international multi-firm R&D alliances
grew from 86 in 1973-76, to 177 in 1977-80. to 509 in

1981-84, to 988 in 1985-88 (Hagedoorn 1990).
As the numbers have increased, the forms of coopera-

tive activity has changed somewhat. The most prevalent
modes of global industrial R&D cooperation in the 1970s

'Information in this section is drawn from an extensive database
compiled in the Netherlands (Maastricht Economic Research Institute
on Innovation and Technology's Co-Operative Agreements and
'lechnology Indicators database---mmr-cATO on nearly 10,000 inter-
firm cooperative agreements involving 3,500 different parent compa-
nies. In the Lut database. only inter-firm agreements that contain
smut- arrangements for transferring technology or joint research are
collected. The data summarized here (from Hagedoorn and
Schakenraad 1(193) are restricted to strategic (ethnology partnerships
such as joint ventures for which R&0 or technology sharing is a major
objective, rest-arch corporations, joint tw) pacts, and minority hold-
ings coupled with research contracts. evIl is a literature-based
database: its key sources are newspapers. journal articles, books, and
specialized journals that report on business events. tAn's main draw-
backs and limitations are that (I) data are limited to activities publi-
cized by the firm. (2) agreements involving small firms are likely to be
underrepresented. (3) reports in the popular press are likely to be
incomplete. and (4) it probably reflects a bias because it draws primari-
ly from English-language materials. CNI I information should therefore
lw viewed as indicative and not comprehensive.

+ 123

were through joint ventures and research corporations.
In these arrangements, at least two companies share
equity investments to form a separate and distinct com-
pany; profits and losses are shared according to the equi-
ty investment!' In the second half of the 1980s, joint
nonequity It&D agreements became the most important
form of partnership. Under such agreements, two or
more companies organize joint R&D activities to redtice
costs and minimize risk, while pursuing similar innova-
tions. The participants share technologies but have no
joint equity linkages.

Formation of these so-called strategic technology
alliances (both equity and nonequity arrangements) are
particularly extensive among high-tech firms. Splitting
the past decade into two quinquennia (1980-84 and 1985-
89) reveals growth in international research collabora-
tion by firms in a variety of industries, with especially
steep rises in biotechnology and information technology
areas. (See figure 4-27.) The largest regional growth in
R&D cooperation was between u.s. and European firms.
However, there also was considerable partnership activi-
ty between U.S and Japanese firms. There were some-
what fewerbut still a substantial number of
European-Japanese strategic technology alliances.

U.S. Industry's Overseas R&D." Stiff international
competition in research-intensive and high-technology
products has compelled u.s. industry to expand its over-
seas research activities:3 Much of the R&D undertaken
abroad is not meant to displace domestic R&D, but rather
to support overseas business growthfor example, to
help in tailoring products for the specific needs of for-
eign customers.

From 1980 to 1991. U.S. firms generally increased their
funding of k&I) performed outside of the country. (See
appendix table 4-40.). During the first half of this period.
however, the overseas funding growth did not keep pace
with the rise in company-financed R&D performed within
the United States. Instead, company-financed R&D per-
formed abroad was equivalent to 10 percent of the
domestically performed total in 1980 and declined steadi-

'Joint ventures are companies that have shared R&D as a specific
company objective, in addition to production, marketing, sales, etc.
Research corporations are joint RA1) ventures with distinctive research
programs.

r-The indicators discussed here reveal the growth in industrial glob-
al R&D activities. Public sector international S&T linkages are also on
the rise. See, for example Carnegie Commission (1992b) for a review
of recent trends in r.s. foreign s&I policy, including a summary of sev-
eral indicators (for example, changes in State Department S&T staffing
and the numher of international S&T agreements). See also the short
ciEcti treatise (1993b) and IVAST (1992) on big science funding. The
high costs of scientific megaprojects increasingly necessitates interna-
tional collaboration.

'Companies consider several factors before undertaking R&D over-
seas: Market access and accommodation of local requirements arebut
two of these factors. Tax and regulatory policies, as well as the avail-
ability of trained researchers and access to new scientific and techno-
logical developments in other countries, also influence R&D location
decisions.
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Figure 4-28.
U.S. overseas R&D as a share of
company-financed domestic R&D, by industry
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ly to a low of 6 percent by 1985. Since then, however. t'.s.
firms' overseas R&D component has increased nine times
faster than that performed domestically (11.4 versus 1.3
percent average annual constant dollar growth between
1985 and 1991). Overseas R&D is now equivalent to more
than 11 percent of industry's on-shore R&D expenditures.
(See figure 4-28.)

r.S. companies and their foreign subsidiaries in the
chemicals (including drugs and medicines), transporta-
tion, and machinery (including computers) industries
account for the largest shares and growth of this foreign-

based R&D activity. Indeed, drug companies accounted
for 1 9 percent of total 1991 overseas R&D (S8.7 billion),
which was equivalent to 27 percent of the industry's
domestically financed R&D. Nonmanufacturing industries
had the lowest share of privately financed R&D conduct-
ed overseas, despite a fivefold increase in this share
since 1985rising from 0.4 to 2.0 percent in 1991.

Most of the u.s. overseas R&D is undertaken in Europe.
As indicated by data from the Bureau of Economic
Analysis (BEA) on majority-owned foreign affiliates of
nonbank u.s. multinational companies. 76 percent of the
1991 R&D total was performed in Europeprimarily Ger-
many (27 percent), the United Kingdom (17 percent),
France (9 percent), and Ireland (6 percent). By affiliate
industry classification, more than one-half of the German-
based R&D was performed by transportation equipment
companies: in the United Kingdom and France, the
chemicals industry accounted for more than one-third of

. .

the totals: in Ireland. computer-related research domi-
nates. km) in Canada accounts for 11 percent of U.S
companies 1991 R&D performed abroad, and that in
Japan for 6 percent.'l (See text table 4-6 and appendix
table 4-41.)

According to liF.A (Mataloni 1992), the majority-owned
foreign affiliate share of u.s. multinational companies'
worldwide R&D expenditures increased from 9 percent in
1982 to 13 percent in 1990. This increase reflects both
the faster growth in foreign operations than in u.s. opera-
tions and the introduction of u.s. computer manufactur-
ers to foreign research consortia as they sought to share
the cost of developing new technologies.

Foreign R&D in the United States.'' Since 1981, the
percentage of industry R&D expenditures financed from
foreign sources has risen considerably in each of the
seven largest R&D-performing countries except Japan.
Foreign R&D accounts for more than 10 percent of
industry's 1990 total in the United States. Canada, the
United Kingdom, and France: and for more than 3 per-
cent of industry funds in Italy and Germany. Indeed,
according to OECD data (1993a) on the 12 nations that
comprise the European Community,'" the combined
share of their industries' R&D performance that is for-
eign controlled has risen from less than 5 percent in
1981 to 8 percent in 1990. The foreign component of
Japan's domestic industrial R&D performance has held
steady during the 1981-91 period at about 0.1 percent.
(See figure 4-29 and "R&D Funding by Source and
Performer.")

Like u.s. firms' overseas R&D funding trends, R&D
activity by foreign-owned companies in the United States
has increased significantly since the early eighties. From
1980 to 1990, inflation-adjusted R&D growth from foreign
firms (t .s. affiliates in which the foreign parent owns 10
percent or more of the voting equity) averaged 14 per-
cent per year, or more than three times the rate of

nese overseas R&D country shares are from the BEA survey 00
.s Direct Investment Abroad (ttl:.\ annual series). not the \,,t data

series from which industry-spectfir shares are taken. The definition
used by REA for R&D expenditures is from the Financial Accounting
Standards Board Statement No. 2: these expenditures include all
charges for R&D performed for the benefit of the affiliate by the affili-
ate itself and by others on contract. ItEA detail are available Mr 1982.
and annually since 1989. NsF reports a 1991 overseas R&D total of SI&7
billion: IWA estimates overseas R&D expenditures by r.s. companies
and their foreign affiliates at 59.4 billion.

For countries other than the United States, the data in this section
are taken from or.CD (1993a). 'Fhe foreign-sourced R&D data for the
'nited States come from an annual survey of Foreign Direct Invest-

ment in the United States conducted by BEA. IWA reports that the for-
eign R&D totals are comparable to the r.s. R&D business data pub-
lished by NSF. Industry-specific comparisons, however, are limited
due to differences in the industry classifications used by the two sur-
veys. (See Quijano 1990.)

"These countries are Belgium. Denmark, France. Germany. Greece.
Ireland, Italy. Luxembourg, the Netherlands. Portugal. Spain. and the
United Kingdom. See also ot..cD (1992) for a discussion of international
R&D investment trends.
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Text table 4-6.
R&D performed for majority-owned foreign affiliates of U.S. parent companies, by selected covntry
and industry of affiliate: 1991

125

Manufacturing

All Total Electrical Transportation

Country industry manufacturing Chemicals Machinery equipment equipment Services

Millions of dollars

Total 9,358 8,057 2,354 1,443 737 2,220 502

Europe 7,109 6,208 1,836 1,094 465 1,888 468

Germany 2,503 2,384 267 270 118 1,443 70

United Kingdom 1,612 1,377 540 195 52 325 138

France 871 685 434 36 27 55 10

Ireland 573 D 15 513 24 0 D

Italy 327 285 144 23 31 42 24

The Netherlands 477 314 97 5 D 4 148

Canada 1,037 854 217 D 78 227 6

Asia and the Pacific 914 717 231 99 165 43 26

Japan 595 451 174 38 120 4 5

Singapore 87 70 1 46 24 0 7

Australia 144 122 39 6 6 D 7

Latin America 253 239 61 0 11 62 1

Brazil 149 148 21 21 7

Mexico 64 57 21 D 4

Middle East 30 26 2 3 18 0 1

Africa' 15 13 8 2 0 0

= less than $530.000: D = withheld to avoid disclosing operations of individual companies.

NOTES. Data are preliminary and include foreign direct investments of nonbank U.S. affiliates only. Data are from trio Bureau of Economic Ana:ysis; the
National Science Foundation estimates that R&D performed abroad for U.S. companies and their foreign affiliates totaled $8.7 billion in 1991.

'Ninety percent of the R&D total is undertaken in Israel.

'Eighty percent of the R&D total is undertaken in South Africa.

SOURCE: Bureau of Economic Analysis. Department of Commerce. U.S. Direct Investment Abroad: Operations of U.S. Parent Companies and Their Foreign
Affiliates (Washington, DO Government Printing Office, 1993)

growth in domestic R&D activities by t'.s. companies (4.4
percent).

Much of this foreign R&D growth was undertaken dur-
ing the last half of the decade. just as U.S. firms' domestic
R&D investments were falling off. As a result, foreign R&D
was equivalent to 11 percent of the total industrial R&D

MLA considers all of an investment (including R&M to be foreign if
10 percent or more of the investing u.s.-incorporated firm is foreign-
owned. These R&D expenditures arc reported in appendix table 4-43.
Special tabulations were prepared by Mk to reveal R&D expenditures
in the United States of those firms in which there is majority foreign
ownershipi.e.. 50 percent or more. For 1990. the 10-percent foreign
ownership threshold results in an estimated $11.3 billion foreign la
investment total. R&D expenditures of majority-owned t'.s. affiliates of
foreign companies were $8.4 billion.

Funding trends of these two groupings are quite siinilar. From 1980
to 1990, inflation-adjusted R&D spending 01 majority-owned foreign
firms was up 350 percent, whereas that of firms with 10 percent or
more foreign ownership (including majority-owned firms) rose slightly
more, 370 percent. See appendix table 4-45.

c!, *

pefformance in the United States in 1990almost double
that of its equivalent 6-percent share in 1985. Alter-
natively, as a percentage of total foreign and u.s. firms'
industrial R&D funding, foreign companies accounted for
15 percent in 1990 (majority-owned affiliates accounted
for -11 percent) compared to a 9-percent share in 1985.
Although the R&D flows from other European countries
also increased steadily over the past decade, 80 percent
of this foreign funding came from five countries
Canada, the United Kingdom, Germany, Switzerland,
and Japan. Japanese firms increased their R&D invest-
ment in the United States more rapidly than did compa-
nies from the other nations.

Foreign-funded research was in 1990 concentrated in
three industriesindustrial chemicals (funded predomi-
nantly by German and Canadian firms), drugs and medi-
cines (mostly from Swiss and British firms), and electrical
equipment (one-fourth of which came from German affili-
ates). These three industries accounted for three-fifths of
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Figure 4-29.
Portion of industry domestic R&D performance
financed from foreign sources, by country

1981 1983 1985 1987 1989 1991

NOTES: For United States, foreign expenditures are from
companies with at least 10-percent foreign ownership. German data
are for the former West Germany only.
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Foreign-funded research was in 1990 concentrated in
three industriesindustrial chemicals (funded predomi-
nantly by German and Canadian firms), drugs and medi-
cines (mostly from Swiss and British firms), and electrical
equipment (one-fourth of which came from German affili-
ates). These three industries accounted for three-fifths of
total 1990 foreign R&D investmentS11.3 billion. (See text
table 4-7 and appendix tables 4-43 and 4-44.)

Concurrent with the rapid growth in foreign R&D
expenditures in the United States, the establishment of
R&D facilities here by foreign companies has accelerated.
According to a recent survey (Dalton and Serapio 1993),
there were 255 foreign-owned free-standing R&D facilities
in the United States in 1992. About half of these had
been established during the previous 6 years.'s Other
significant findings of this study follow.

R&D facilities of Japanese firms outnumber those of
all other countries combined. Japanese companies

'These counts are for only those facilities (1(m) center. R.:1) compa-
ny, or R&D laboratory) that are 50-percent or more owned by a foreign
parent company. An R&D facility typically operates under its own bud-
get, and is located in a free-standing structure outside of and separate
from the other t'.s. facilities (e.g., sales and manufacturing facilities) of
the parent. This definition of an gm) facility consequently excludes R&D
departments or sections within t'.s. affiliates of foreign-owned companies.

Text table 4-7.
R&D performed in the United States by affiliates of foreign companies, by selected country
and Industry of affiliate: 1990

Country
All

industry

Manufacturing

Total
manufacturing

Drugs and Other
medicine chemicals Machinery

Electrical
equipment Instruments

Millions of dollars

11,324 9,737 2,375 1,138 1,839 371Total 2,808

Europe 7,412 6,328 2,117 1,432 518 1,162 309

United Kingdom 1,864 1,639 766 193 163 131 103

Germany. 1,754 1,649 --(924) 50 477 79

Switzerland 1,657 1,457 1,098 15 79

France
The Netherlands

810
805

724
510

--[2921----
1

25

Canada 1.955 1,910 9 21

Asia and the Pacific 1,497 1,197 601 161 2

Japan 1,215 921 471 112

Latin America 381 3

Middle East 26 6 0

Af rica 51 0 2 0

NOTES: Includes R&D of affiliates in which the foreign parent owns 10 percent or more of the voting equity. Majority-owned affiliates of foreign companies

spent $8.4 billion on R&D performed in die Unita' States in 1990. = less than $500,000; 0 = withheld to avoid disclosing operations of individual companies.

SOURCE: Bureau of Economic Analysis, Department of Commerce, Foreign Direct Investment in the United States: Operations of U.S. Affiliates of Foreign

Companies (Washington. DC: Government Printing Office, 1992).
Science & Engineenng Indicators 1993
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Text table 4-8.
Number of foreign R&D facilities located in the United States, by selected industry and country: 1992

127

Industry Total Japan Germany
United

Kingdom France
South
Korea

Switzer-
land Other

Biotechnology 74 17 12 13 11 0 11 10

Automotive 41 30 7 0 0 3 0 1

Computers 27 20 3 0 0 4 0 0

Software 24 21 2 0 0 1 0 0

Semiconductors 24 18 2 0 0 3 0 1

Telecommunications 22 14 3 0 0 1 0 4

Opto-electronics 11 8 3 0 0 0 0 0

High-definition TV 9 7 1 0 1 0 0 0

Medical equipment 3 1 2 0 0 0 0 0

SOURCE: D.H. Dalton and M.G. Serapio. Jr.. U.S. Research Facilities of Foreign Companies (Washington, DC: Department of Commerce, Technology
Administratton/Japan Technology Program. 1993).

Flie activities (il these foreign lacilities were highly
concentrated in the biotechnology (71 facihties),
automotive ( II). computers (28), and computer
software (26) industries.

Science & Engineering Indicators - 1993

Foreign R&D facilities are heavily concentrated in
some areas of the country. notably California's Silicon
Valley and greater Los Angeles: Detroit: Boston:
Princeton. New Jersey: and Research Triangle Park,
North Carolina.
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HIGHLIGHTS

FUNDING FOR ACADEMIC R&D

The 1980s and early 1990s saw a continuation
of a trendobserved over the last several
decadestoward an increasing role for academ-
ic performers in total U.S. research and devel-
opment (R&D). From 1980 to 1993, academi- perfor-
mance rose from just above $6 billion to an
$20.6 billion (in current dollars), increasing from a
9.8-percent share to a 12.8-percent share of total U.S.
R&D performance.

During the 1980-93 period, average annual
growth was much stronger for the academic
sector than for any other R&D-performing sec-
tor, an estimated 5.2 percent. compared to around 2
or 3 percent for federal, industrial, and nonprofit labs.
This trend has continued in recent years: Average
annual growth for the academic sector between 1991
and 1993 was again estimated at 5.2 percent.

The federal share of academic R&D support has
continued to decline as other support sources
have outpaced its growth rate. In 1993, federal
sources provided an estimated 55.5 percent of aca-
demic R&D support, down from 67.5 percent in 1980.
In constant dollars, however, academic R&D financed
by federal support increased by 59.4 percent during
this same period.

After the Federal Government, the academic
institutions that performed the R&D provided
the second largest share of academic R&D sup-
port. Front 1980 to 1993, the institutional share grew
from 13.8 percent to an est imated 20.2 percent of aca-
demic R&D expenditures.

Industrial R&D support to academic institutions
has grown more rapidly than support from
other sources in recent years. In constant dollars.
academic R&D financed by industry increased by an
estimated 265 percent from 1980 to 1993. Industry's
share grew from 3.9 percent to an estimated 7.3 per-
cent during this period.

There has been a significant increase in the
number of universities and colleges receiving
federal R&D support during the past two
decades. In 1991, 759 academic institutions received
R&D support from the Federal Government. com-
pared to 565 in 1971.
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FACILITIES AND INSTRUMENTS

Construction projects initiated between 1986
and 1991 are expected to produce over 32 mil-
lion square feet of new research space and over
33 million square feet of renovated research
space when completed. Both the new and
repaired/renovated space will exceed the equivalent
of a quarter of existing space.

The amount, adequacy, and condition of S&E

research space at the Nation's research-per-
forming institutions are all reported as having
increased or improved between the 1988-89
and 1992-93 periods. However, 34 percent of the
institutions still reported that the amount of their
research space was inadequate in 1992-93.

The country's tt.s. research universities have
recently begun to show a decline in expendi-
tures from current funds on academic R&D
instrumentation. This decline follows a pattern of
large increases in investment throughout most of the
1980s. Constant dollar expenditures for academic
research instrumentation averaged 7.7 percent annu-
al growth for federal support and 10.4 percent for
nonfederal support between 1982 and 1989. In recent
years this trend has reversed, with federal support
declining by 5.5 percent and nonfederal support by
1.5 percent overall between 1989 and 1991.

CHARACTERISTICS OF DOCTORAL RESEARCHERS

IN ACADEMIC R&D

The rapid increase in the number of doctoral
academic researchers, evident throughout the
1980s, appears to have leveled off for all fields
but the computer sciences. Total employment
between 1989 and 1991 was stable for most natural
science fields and may have declined somewhat for
the social sciences and psychology.

The aging of the academic research workforce
appears to be reversing. In 1973, only 25 percent
of academic researchers had earned their Ph.D.
more than 15 years earlier: this fraction was 47 per-
cent by 1989, but dropped to 43 percent by 1991.
Scientists and engineers who had received their doc-
torates in the past 7 years made up a growing share
of all academic researchers.



Science & Engineering Indicators - 1993

During the 1980s, a growing fraction of aca-
demic scientists and engineers reported being
active in research. This trend, which held for
most age groups in all fields, has also been
slowed or arrested. Between 1979 and 1989, the
proportion of all academic doctoral scientists and
engineers whose primary or secondary work activity
was research rose from 67 to 78 percent. However.
little change was apparent between early 1989 and
late 1991.

WOMEN AND MINORITIES IN ACADEMIC R&D

The number of doctoral women scientists and
engineers employed in academia more than
doubled from 1979 to 1991, and the number
active in academic R&D almost tripled. In 1991,
women represented 19 percent of all doctoral aca-
demic researchers: almost half of female researchers
were active in the life sciences.

The overall number of black, Hispanic, and
Native American researchers remains low. In
1991, these minority groups accounted for 5 percent
of academic doctoral researchers, up from 2 percent
in 1979. Their increasing share among researchers is
roughly in line with their growing share of academic
employment.

Asians .4re increasingly prominent in academic
R&D. Asians constituted 10 percent of academic
researchers in 1991, up from 4 percent in 1979an
increase roughly proportional to their overall aca-
demic employment growth.

SUPPORT OF ACADEMIC RESEARCH PERSONNEL

Another trend showing signs of slowing or
reversing is the rising proportion of academic
researchers receiving federal support. During
the 1980s, an increasing fraction of researchers in all
fields, except the social sciences, received such sup-
port. But from 1989 to 1991, the proportion of
researchers with Federal Government support
remained stable or declined for most fields.
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Otfl'PtrN OF ACADEMIC R&D

U.S.-based authors continue to account for 35
percent of all publications in a set of about
3,500 major U.S. and international technical
journals. This proportion represents a modest 1 per-
centage point loss of world share since 1981, follow-
ing a gradual decline during the 1970s. However,
stronger gains and losses were experienced over the
decade in specific fields and specialties, notably loss-
es of 3 to 5 percentage points in engineering/tech-
nology and clinical medicine.

An increase in international coauthorship is evi-
dent in every major field and for most
countries. About 11 percent of the world's articles
were coauthored internationally, double the percent-
age of a decade earlier.

In the United States, there is increasing coau-
thorship of articles produced by industry-based
scientists and engineers with those in
academia. In 1991, about 35 percent of these articles
had university researchers as coauthors, up from 22
percent a decade earlier.

Patenting by U.S. universities continued its
rapid increase into 1991. In 1991, 1,324 patents
were awarded to U.S. academic institutions, com-
pared with 437 a decade earlier. The strongest
growth occurred in health- and biomedical-related
areas.

The largest research universities continued to
account for a large and growing share of all aca-
demic patents. However, the 20 largest institutions
(by total research volume) and those below rank 100
are receiving a declining share of academic patents,
while those ranking 21 to 100 have been gaining
share, due to the more rapid growth of patenting
activity in this segment.
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Introduction
Chapter Background

Academic research and development is an inte-
gral part of the national MD enterprise. The sector now
accounts for an estimated 12.8 pet-cent of national R&D
expenditures and more than half of national basic
research expenditures. This chapter addresses the fol-
lowing three principal aspects of academic R&D:

financial resources: sources of funding, distribution
among institutions and disciplines, the Federal
Government's funding role, the spreading institu-
tional base of federally financed academic R&D, and
the financing of academic R&D facilities and instru-
tnentation:

doctoral personnel: characteristics of doctorate-level
scientists and engineers employed by academic
institutions: an(l

research outputs: the academic sector's publications
and otents.

Chapter Organization
The chapter opens with a discussion of trends in finan-

cial resources provided for academic MI ). including allo-
cations across both instittitions and fields. Since the
Federal Government has been the primary source of
support for academic IM / for over half a century, its role
is explored in greater detail. For the first time in the
Science Engineering Indicators series, data are present-
ed on changes in the number of academic institutions
receiving federal R&D support. Another new item is a
brief discussion of changes in the modes of federal
research support to academic institutions over the past
decade. Also, due to an increasing interest in and sup-
port for expanded university-industry interactions, the
section includes a focused examination of growth in
industrial funding of academic R&D. Finally. data are
included on funding trends for two key elements of uni-
versity infrastructurefacilities and instrumentation.

The second section of the chapter covers the academ-
ic R&I) workforce. It focuses on doctoral scientists and
engineers working in science and engineering (8&E)
who earned their doctorates at r.s. institutions. Trends
in the growth of various disciplines and in the numbers
of women and minorities in academic R&D fields are
addressed. Also presented are new information about
the changing age structure of academic researchers. the
trend toward increased research participation in aca-
demia, and the extent of federal support provided to aca-
demic doctoral researchers. Included for the first time is
a discussion of changes in the number and percentage of
federally supported academic researchers receiving sup-
port from multipleas opposed to from a singlefeder-
al agency. The section also includes a brief discussion of
the number of graduate students involved as research
assistants in academie R&D. .

The chapter's final section discusses the outputs ot
academic R&D, specifically the number, subjects, and
authors of articles published in scientific and technical
journals worldwide: and trends in the number of patents
issued to v.s. universities.

Financial Resources for Academic R&D
This section focuses on the levels and sources of sup-

port for R&D activities at Ls. universities and colleges.'
Beginning with an examination of the role of academic
R&D in the context of the national R&D system, it covers
R,K:1) funding patterns in terms of funding sources and
their distribution among academic institutions and
across S&E fields. The role of both industry and the
Federal Government in supporting R&D at universities
and colleges is explored in some detail. Specifically, data
are presented on the increase in the share of academic
R&D support provided by industry, the expansion in the
number of academic institutions receiving federal sup-
port. and the changing modes of federal R&D support.
Aspects of academic R&D facilities and instrumentation,
including the levels of investment made in these during
the 1980s and characteristics of both the facilities and
instrumentation stock, are also examined.

Academic R&D in a National Context=
In 1993, an estimated 820.6 billion was spent for It&I) at

Ls. academic institutions. This level of expenditure rep-
resents a continuing trend. observed over the last several
decades, of an increasing role for academic performers in
total I.S. R&D. Academic R&D in 1993 made up an estimat-
ed 12.8 percent of total R&D, compared with about 10 per-
cent in 1980 and about 9 pet-cent in 1970. During the
1970-93 period the proportion of total r.s. research'
expenditures in academic institutions rose from 24 per-
cent to an estimated 28.6 percent. (See figure 5-1.)

In constant 1987 dollars, average annual R&D growth
between 1980 and 1993 was much stronger for the
academic sector than for any other R&D-performing

-Data in this section come from several different National Science
Foundation ( 'A) surveys: these do not always use comparable defini-
tions or methodologies. Ny's three main surveys involving academic
R&P are (1) the Federal Funds for Research and Developnwnt Survey:
(2) the Federal Support to Universities. Colleges. and Selected
Nonprofit Institutions Survey: and (3) the Scientific and Engineering
xpenditures at Universities and Colleges Survey. "Fhe results from

this last are based on data obtained directly from universities and col-
leges; the former two surv(ls collect data Wont federal agencies. For
descriptions of the methodologies of these and selected mile: Nsr stir .
veys. see sits (1" ,7).

This dis(..ussion is based un data in sits (101/2b) and unpublished
tabulations. For more information on national 1t,0 expenditures, see
chapter .1. "National R, P Spending Patterns."

In this section, academic institutions generally comprise institutions
of higher education that grant doctorates in science or engineering
and/or spi ml at least 550,(XX) for ,:eparately budgeted mit. Federally
funded research and developnwnt cl.iners asstwiateo with universities
are tallied separately and are examined in greater detail ill cliapter I.

'Includes basic research and applied research.
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Figure 5-1.
Academic R&D and research as a proportion
of U.S. totals
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NOTES: Academic research includes basic research and applied
research. Data for 1992 and 1993 are estimates.

See appendix tables 4-4. 4-5, and 4-6.

Science & Engineering Indicators 1993

sectoran estimated 5.2 percent, compared to about 3.1
percent for federally funded research and development
centers (FFRDCs) and other nonprofit laboratories, 3 per-
cent for industrial laboratories, and 1.7 percent for feder-
al laboratories. The rate of growth for academic R&D
from 1992 to 1993 is estimated at 5.3 percent, which is
basically the same average annual growth rate this sec-
tor has maintained since 1980. As a proportion of the
gross domestic product, academic R&D rose significantly
bLqween 1980 and 1993, from 0.22 to 0.33 percent.

Academic R&D activities are concentrated at the
research (basic and applied) end of the R&D spectrum
and do not include much development activity." Of 1993
academic R&D expenditures, an estimated 66 percent
went for basic research. 26 percent for applied research.
and 8 percent for development. (See figure 5-2.)

Sources of Funds
The Federal Government continues to provide the

tnajority of funds for academic R&D. but participation by
other sectors has been growing more rapidly than that of
the Federal Government in recent years. This circum-
stance has resulted in a decline in the federal share of
academic R&D. (See figure 5-3.)

In 1993, the Federal Government provided an estimat-
ed 55.5 percent of the funding for R&D performed in

Notwithstanding this delineation, "R&I)"rather titan iust "reseiu-ch"
is used throughout this discussion, since almost all of the data collected
on academic ti&ti do not differentiate between "R" and "D."

i
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academic institutions, down from 67.5 percent in 1980.
and 70.5 percent in 1970. Following is a discussion of the
contributions to academic R,:1) made by the other sec-
tors.

Institutional jinuis: Institutional funds are separately
budgeted funds an academic institution spends on
R&D, including unreimbursed indirect costs associ-
ated with R&D projects financed by outside organiza-
tions and mandatory cost sharing on federal and
other grants. These are the second largest source
of academic R&D funds. From 1980 to 1993. the
institutional share grew from 13.8 percent to an esti-
mated 20.2 percent of all academic R&D expendi-
tures. The major sources of institutional funds are
(1) general-purpose state or local government
appropriations, (2) general-purpose grants from
industry, (3) tuition and fees, and (I) endowment
income." There is some concern that part of the

polt.ntial sour('r 1)1 institutional tunds is income wont
patents or licenses. See "income From Patenting and Licensing Ar .
rangements" later in this chapter tor a discussion ot this subject.

Figure 5-2.
National and academic R&D expenditures,
by character of work and performer: 1993
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See appendix tables 4-4. 4-5, 4-6 and 5-1.
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increase in thy importance ot institutional tunds is
due to accounting changes.

State and local 4.avernment atnds: The share of aca-
demic km) funding provided oy state ;Ind local gov-
ernment has remained constant over the past
decade at about or percent. 'ibis share. howev-
er. only reflects funds dirertly targeted to academic
ml) activities. and consequently understates thy
total contribution (if state and local governments.

Other sources iii funds: Other sources of support
include grants for R&D front nonprofit organizations
and voluntary health agencies, as well as all other
sources not elsewhere classified. Between 1990 and
1993, this source of academic k&I) support
increased from about 7 percent to an estimated 8
percent.

Industry funds: The funds pnwided by the industrial
sector for academic Iti grew taster than did fund-
ing (runt any other source during the past two
decades. industry increased its share from :;.) per-
cent in 1980 to an estimated 7.3 percent in 1993.
Moreover. industiy's contribution to academia rep-
resented about 1.8 percent of all industry-ftlnded
R&D in 1993. compared to 0.8 percent in 1980, and
0.6 percent in 1970.

Patterns of sectoral funding of academic km) vary
depending on the type of academic institution involved.
That is, private and public universities differ in their
major so(1 rces of km) support. (See appendix table 5-3.)
For public academic institutions, AM over 11 percent of
km) fundMg in 1991 came from state and local funds and
about 21 percent from institutional funds. Private aca-
(lemic institutions received only 2.5 and I() percent of
their funding. respectively. from these sources. Between
1981 and 1991. the federal share of support declined for

Figure 5-3.
Sources or academic R&D funding, by sector

Percentage of funding
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both public and private institutions. dropping trout (it) to
percent for public institutions and from 79 to 71.5

percent tor private institutions. Both public and private
institutions received approximately 7 percent of their
respective mit support frctin in(hustry in 1991.

Distribution of R&D Funds Across
Academic Institutions

Most academic kM) is now, and has been historically.
concentrated in relatively few of the 3,600 higher educa-
don institutions in the United Slates. In fact. if all such
institutions are ranked by their 1991 mff expenditures.
the top 200-ranked institutions account for 9(i percent of
km) expenditures. In 1991.

the top 10 institutions spent 18 percent of total aca-
demic R&D funds ($3.0112 billion):
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the top 20 institutions spent 32 percent ts5..130
billion):

the top 50 spent 57 pt.rceill (59.878 billion): and

the top 100 spent 81 percent (13.953
(See appendix table 5-1.)

Industrial Support of R&D at Specific
Academic Institutions

Industry now supports over 7 percent of total academ-
ic k&O. While most of the industrial funds go to large,
recognized research institutions. about a dozen academ-
ic institutions with relatively small R&D expenditures get
more than 20 percent of their R&D funding from industry.
These funding patterns partly reflect relationships that
have developed between individual firms and schools.

In 1991. industry provided just over 1.2 billion for
academic kMi. Of the top 200 institutions in terms of
total 1991 academic km) expenditures. the top 25
schools t.ogether received almost S409 million from
industry. or about 33 percent of the total support con-
tributed by industry. The bottom 25 schools received
838 million. or 3.1 percent of total industry funds. On
average, the top 25 schools received million each
in industrial support: the lowest 25 schools averaged
$1.6 million each. (See appendix table 5-5.)

The Carnegie Foundation for the Advancement of Tetwhing classi-
fied 3.lim degree-granting institutions as higher education institutions
in 1987. Owe chapter 2. "Classification oi Academic Institutions.- tor a
briel description tit the Carnegie latcgorips.) These higher education
institutions include 4-year colleges and universities. 2-year communny
and junior colleges. and specialized schools such as owdical uid lark
schools. Not included are more than 7.01l0 other posisecondaly insiitte
tions (secretarial schools, auto repair schools. etc.).

-These percentages exclude the Applied Physics Laboratory
johns Hopkins University. With an estimated 5-1,9 million in total and

130 million in Iederally financed t,t, 0 expenditures ill fiscal year 1991,
performs about two-thirds ol the university's it&D. Although not

dassiilvd as ail 1 [RIK . API essentiallY (unctions as ,me. Its
exclusion therefore provides a better measure Of distrilmtion tit
cademic 10.1) dollars and the ranking of individual institutions.
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Text table 5-1
Industrial funding of academic R&D,
by level of R&D expenditures

Schools w/more
than 10% of their
total R&D funds

from industry

Average
proportion of

total R&D funding
from industry

Schools ranked by
total R&D expenditures 1980 1991 1980 1991

Number Percent

Rank 1-200 24 57 4.6 8.6

1-25 2 4 4.4 6.3

26-50 . . . 2 3 4.4 6.4

51-75 2 2 3.8 6.2

76-100. . 1 4 4.6 6.6

101-125 3 12 5.5 9.4

126-150 .. 4 9 5.9 10.0

151-175 2 11 5.6 10.0

176-200 8 12 11.4 13.5

NOTE Data are omitted for those institutions that did not separately
report industrial R&D funding or that reponed no industrial support. For
1980.32 institutions were omitted. 6 were omitted in 1991

Ranking is derived by sorting institutions into groups of 25. from highest
R&D expenditures to lowest.

See appendix table 5-5 Science & Engineering indicators 1993

This distribution of industry funds follows all expect-
ed pattern: Top-ranked schools receive nuire indw,try
funding than do lower ranked schools. A more surpris-
ing finding is that industry's share of total km) expendi-
tures for the lowest ranked schools was double its corre-
sponding share among top-ranked schools. Industry
accounted for an average 13.5 percent of the total
expenditures of schools in ranks 176-2D0 in 1991, coin-
parN1 with a 6.3 percent share of total for the top 25
schools. Furthermore. the low-ranked schools receiving
relatively large proportions of their R&D funding trom
industry tend to be specialized smaller institutions-fre-
quently ones Nxith a singl( ml) specialty that is closely
linked with local industry.

Between 1980 and 1991. the number of schools receiv-
ing over 10 percent of their academic mi) support front
industry increased from 21 to 57. In all but one of the
eight groups of 25 among the top 200 research institu-
tions, the number of institutions receiving more than 10
percent of their academic NM> support from inoustry
increased (it di(1 not change in the schools in ranks 51-
75). The share of funds from industry also increased in

each of the eight groups.
Several factors might contribute to these Mcreases.

For one thing. more institutions had separately reported
industrial support data in 1991 than in 198( I. (:-ice text
table 5-1.) Also. the increasing industr... support for aca-
demic Km) may reflect increasing amounts of coopera-
tive research activity between the two sectors, in con-
trast to companies just providing research grants to

universities and colleges.
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Academic R&D Expenditures by Field
and Funding Source.'

By far. the majority of academic lw) expenditures in
1991 went to the lite sciences, which accounted for 54 per-
cent of total academk' lmt) expenditures. 53 percent of
federal academic km) expenditures, and 55 percent of
nonfederal academic k&D expenditures. The next largest
block of total academic MD expenditures was for engi-
neering-Pi percent in 1991.'" (See appendix table 5-ti:
for detailed (lata on expenditures over time by s&E sub-
field, also see appendix table 5-7.)

Between 1981 and 1991, academic R&D expenditures
for all fields combined grew at an average annual rate of
5.5 percent in constant 1987 dollars. (See figure 5-4 for
constant dollar expenditures over the decade by field.)
Funding for the computer sciences grew fastest during
the decade, increasing at an average annual rate of 9.7
percent in constant dollars. However. R&D expenditures
for the computer sciences in 1991 were only about 3.1
percent ot total academic Imt). The engineering and
mathematical SCiclUTti fields grew second and third
lastest during the decade. increasing at average annual
rates of 7.1 and 5.8 percent. respectively. Academic k&D

.111i data in Ibis are dra \n iront tlic National Sciviici
Foundation's ::icient ilk and Liiginccring Expcntliturcs at Univcrsities
and ijiillcges !survey. For various inclbodological rcasons_ paralld data

tield trom iii i. Foundation's Survi" iii 1:tideral Obligations to
nivel...inv. and I. ollozi.i . do not licerssin inatcli these numbers.

For Inn !tor iniormatton on Ow nattirc ol rcscarcli
bring pt.rlortni:d in "cc Hie Naturc ot
lcsoarch at

Figure 5-4.
Academic R&D expenditures, by field
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The Nature of Engineering Research at U.S. Universities

What is the role of research in engineering educa-
tion? How does this academic research component
relate to the needs and interests of U.s. industry and
government? To answer these and related questions, a
3-year study on the nature of u.s. academic engineer-
ing research is now under way. Led by Professor
Robert P. Morgan of Washington University and sup-
ported by the National Science Foundation, the study
is aimed at characterizing the research undertaken by
U.s. engineering school faculty members, research
staff, and students (Morgan et al. 1993a and 1993b). As
part of this study, a national survey of directors of
organized university-based engineering research units
was conducted to obtain information on the nature,
process, and outcomes of engineering school
research. To date, responses have been received from
651 of 1.030 of these research units located in 154 uni-
versities. Based on these responses, the following pre-
liminary conclusions have been drawn.

Research units appear to be shifting away from
the individual investigator model of research
toward more applied team research of a cross dis-

ciplinary nature. Despite this shift, traditional
research outputs such as publications and papers
still predominate.

Students continue to play a central role in
research.

Industry is substantially involved in university-
based engineering research.

The most frequently cited problems of research
directors are insufficient funding and lack of fund-
ing for long-term research.

Contributions of research units vary widely from
those of a fundamental nature to activities leading to
major developments in industry and government.

Followup will be conducted regarding this last find-
ing in order to develop case studies of academic
research contributions and the processes by which
technology transfer takes place. Also, a national survey
will be mailed to about 3.500 of the roughly 20,000 u.s.
engineering faculty during the fall of 1993 to comple-
ment the research directors' survey.

expenditures in the social sciences grew the slowest,
averaging 3.1 percent.

The distribution of federal and nonfederal funding of
academic R&D in 1991 varied by field and subfield. (See
appendix table 5-6.) For example, the Federal Govern-
ment supported 62 percent of academic R&D expenditures
in the medical sciences sublield. but only 26 percent of
academic km) in the agricultural sciences subfield. (This
latter figure reflects the traditionally strong role of states
in supporting the agricultural sector.)

It is noteworthy that the declining federal share in the
support of academic R&D is not limited to particular S&E
disciplines. Rather, the federally financed fraction of sup-
port for each of the S&E fields declined over the past two
decades. (See appendix table 5-8.) There were some vari-
ations by field. however. The most dramatic decline
occurred in the social sciences (57 percent in 1973 to 33
percent in 1991): the smallest decline was in the comput-
er sciences (70 to 67 percent). The overall decline in fed-
eral share also holds for all reported S&E subfields.

Support of Academic R&D by Federal
Agencies''

Federal obligations for academic R&D are concentrat-
ed in three agencies: the National Institutes of Health

'See "An Update on Congressional Earmarking to Universities and
for a discussion ot an issue related to federal academic K.

-upport that continues to engender considerable debate.

(NIH), the National Science Foundation (NSF), and the
Department of Defense (D(M). Together, these agencies
provided about 73 percent of total federal financing of
academic R&D in 1993, up from 66 percent in 1971. (See
appendix table 5-9.) NIH was estimated to have provided
44 percent of federal support for academic R&D in 1993:
the NSF share was estimated at 16 percent. DOD's share
was estimated at 13 percent in 1993.

During the past 10 years. the National Aeronautics
and Space Administration (NASA)which is estimated to
provide less than 6 percent of federal support in 1993
had the highest estimated average annual growth in its
funding of academic R&D: 9.7 percent per year (constant
1987 dollars). The next highest rates of growth were
experienced by NSF (5.2 percent) and NIH (4.5 percent).
In addition to changes in the pattern of agency funding,
there have been shifts in the modes of research support
provided to academic institutions. For details, see "Fed-
eral Academic Research Funding by Mode of Support."

The Spreading Institutional Base of Federally
Funded Academic R&Dr,

In 1971, 565 academic institutions received federal
support for their R&D activities. In 1981, this number

.-The data in this section are drawn from the Federal Support to
Universities. Colleges, and Selected Nonprofit Institutions Survey. The
survey collects data on federal R&D obligations to individual F.s. univer-
sities and colleges from the 15 federal agencies that account for virtual-
ly all such obligations.

16q
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An Update on Congressional Earmarking to Universities and Colleges

Science & Engineering Indicaton 1991 (N5 I3 1991)

discussed several aspects of academic earmarking
the congressional practice of providing federal funds
to educational institutions for research facilities or pro-
jects without merit-based peer review. The significant
increases reported then in both the number of ear-
marked projects and the amount of money directed
toward them are still continuing. (See text table 5-2.)

In his introduction to the recent report "Academic
Earmarks: An Interim Report by the Chairman of the
Committee on Science, Space, and Technology"
(Committee on Science, Space. and Technology 1993),
Congressman George E. Brown, Jr. (n-eA), states that

"I believe that the rational, fair, and equitable allo-
cation and oversight of funds in support of the
Nation's research and development enterprise is
threatened by the continued increase in academic
earmarks. To put it colloquially, a little may he
okay, but too much is too much."
As text table 5-2 shows, the number of academic ear-

marks has increased from a negligible level in the
early 1980s to hundreds of earmarks in the past few
years: the dollar amount of these earmarks has
increased from the tens to the hundreds of millions.

Text table 5-2.
Growth in number of and funds for earmarked
academic projects

Number
of earmarks

Dotlars
for e.3rmarks

1980. . 7 10.740.000

1981. 0 0

1982 9 9.370,999

1983 13 77,400,000

1984 6 39,320.000

1985 39 104,085,000

1986 . ...... . 38 110,885.000

1987 48 163,305,000

1988 72 232.392.000

1989. 208 299.026.000

1990 . 252 247.976.333

1991 279 470.279,499

1992 499 707,989.031

SOURCE. Committee on Science, Space. and Technology. U.S. House of
Representatives. Academic Earmarks: An Inteam Report by the Chairman
of the Committee on Science. Space. and Tecnnology." Washington. DC:
1993.
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increased to 618, and by 1991. to 759. (See appendix
table 5-10.) During this 20-year period, however, there
was almost no change in the number of Carnegie
research or doctorate-granting institutions receiving fed-
eral km) obfigations. Instead, almost all of the increase
in the number of institutions supported occurred in the
other Carnegie classificationsi.e.. among comprehen-
sive: liberal arts: 2-year community, junior, and technical:
and professional and other specialized schools.L'

This spreading of the institutional base of federally
funded academic R&D did not occur at the same rate, nor
even in the same direction, in all science and engineer-
ing tiekls. Once again, at the individual fiekl level, most
of the Mcrease was at institutions other than research or
doctorate-granting ones. The largest relative increases in
the number of institutions receiving academic R&D sup-
port from the Federal Government were in the computer
sciences. mathematics, and geological sciences. Two
fieldsthe social sciences and psychologyshowed a
decline in the number ot IlL titutions receiving federal
academic MD support. (See figure 5-5.)

chaptcr 2, 1.1a,sificalion il Acaileinic institutions,- 1,:r a briel
di-scrililion ill the Canu.gli:

1 7 ()

Figure 5-5.
Academic institutions receiving federal R&D support
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No data are available for 1971 for the computer sciences.

See appendix table 5-10 Science & Engineering Indicators - 1993
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Federal Academic Research Funding by Mode of Support

Until recently, very little data were available on
trends in federal funding of academic research by
mode of support. This changed, however, with the
release of Trends in the Structure of Federal Science
Support by the Federal Coordinating Council for
Science, Engineering, and Technology (FCcsET). The
report (OSTP 1992) defined four principal modes of sup-
port, and primarily examined civilian federal research
funding from six agenciesthe Department of Energy
(DOE), NIH, NSF', Environmental Protection Agency
(EPA), Department of Agriculture (USDA), and NASA.
(DOD was also included in some of the discussions.)

Definitions. FCCSET used the following definitions of
support modes.

Individual investigator A single senior scientist or
small research group receiving direct funding for
an independent research project.

Research team: A group of senior investigators.
often at different institutions, pursuing common
research objectives and considered by the fund-
ing agency to be a team. A research team is less
formally organized than a research center and
may be funded separately.

Research center: A formally organized group of
investigators, frequently multidisciplinary, using
shared resources to pursue coordinated research
focused on a single topic or research theme.

Major facility: A large multi-user laboratory or
research facility requiring a long-term commit-
ment for support. A major facility is intended for
shared used by researchers from many institu-
tions, and is frequently designated as "national-
or "regional" in scope.

Findings. ECCSET found that funding has increased
for all modes of support, albeit at different rates.
Overall, the shares of research funds going to individ-
ual investigators and to research centers declined
between 1980 and 1989, while the shares to research
teams and major facilities increased. (See figure 5-6.)

The distribution of academic research funds among
modes of support differs substantially across the six
agencies examined. For example, while individual
investigators account for a major share of each agen-
cy's academic research support, there are significant
differences by agency. Individual investigators receive
between 60 and 80 percent of funding by NSF, EPA, and
DOD; they receive about 50 percent of NIH funding,
and account for only about 35 to 40 percent of USDA

and DOE funding. In USDA, research centers play a
much more crucial role in academic research funding;

in 1)0E, research teams, research centers, and major
facilities also receive significant support. NIH has
given increasing attention to interdisciplinary
research during the 1980s, with the result of stimulat-
ing awards to team research.

Figure 5-6.
Funding of academic research by six civilian
federal agencies, by support mode

FY 1980

FY 1989

Research funding: FY 1989

Major
facilities

3.5%

Major
facilities

6.0%

Agency
All

modes
Ind.

invest.
Res.
team

Res.
center

Major.
fac.

Millions of dollars
NIH 4 445 2,171 1,752 484 38
NSF 1,438 885 164 112 277
DOE 560 230 168 91 72

USDA . . 356 129 2 193 32

NASA . . . 404 216 133 27 19

EPA . . 59 47 0 12 0

See appendix table 4-20. Science & Engineenng Indicators 1993
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Academic R&D Facilities and Instrumentation"
Despite increased and prolonged spending in this area

since the 1980s, problems persist in the amount and ade-
quacy of academic research facilities and instrumenta-
tion. Recent surveys indicate, however, that these
increases in expenditures are addressing at least some
of the needs in these areas.

Facilities. Although new facilities construction pro-
jects have become more expensive. construction costs
appear to be leveling off. The cost of new academic R&D
space in current dollars was $207 Per square foot in
1986-87,'' $231 in 1988-89. and 8260 in 1990-91. The corn-
parabIe cost for 1992-93 is estimated at $259 per square
foot. (See appendix table 5-11.) Similarly, construction
outlays for academic research facilities are expected to
reach 83.2 billion (in current dollars) in 1992-93; this is
up from 83.0 billion in 1990-91. 82.5 billion in 1988-89,
and 82.1 billion in 1986-87.

When the projects initiated between 1986 and 1991 are
completed. they are expected to produce over 32 million
square feet of new research space-the equivalent of about
26 percent of existing research space. The total amount of
research space has not been increasing as much as the
planned new construction, suggesting that the new research
space may replace obsolete or inadequate space rather than
add to existing space. The new construction projects initiat-
ed in 1992-93 should produce over 12 million square feet of
new research space. (See appendix table 5-12.)

Outlays for major repair/renovation of academic research
facilities are expected to reach 8895 million (in current dol-
lars) in 1992-93, compared to $835 in 1990-91. 81,010 in 1988-
89, and 8838 in 1986-87. When the repair/renovation pro-
jects initiated between 1986 and 1991 are completed, they
are expected to result in the repair/renovation of over 33.5
million square feet of research space, the equivalent of
about 28 percent of existing research space. New projects
initiated in 1992-93 are expected to result in the repair/reno-
vation of an additional 6 million square feet of research
space. (See appendix table 5-12.)

More than 85 percent of current academic research
space is concentrated in five s&E fields:

biological sciences (23 percent)

medical sciences (18 percent),

.1)ata on facilities and instrumentation are taken primarily from sev-
eral surveys supported by the National Science Foundation. Although
ternls are defined specifically in each survey, in general. facilities
expenditures ) are claszified as -capital" funds, (2) are fixed items
such as buildi,.gs. (3) often cost millions of dollars. and (4) are not
included within r&d expenditures as reported here. Equipment and
instruments (the terms are used interchangeably) are generally mov-
able, purchased with current funds, and included within r&d expendi-
tures. Because the categories are not mutually exclusive, some large
instrumentation system, could be classified as either facilities or
emiipment.

Data are aggregated into 2-year units because information on project
costs and net assigned square footage for repair/renovation and con-
struction activities are requested for 2 years rather than for a single year.
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Text table 5-3.
Condition of academic science and engineering
research facilities

Condition of
research facilities 1988 1990 1992

Percentage of institutions' S&E research space

Suitable for use in most scientifically
sophisticated research 23.9 25.9 26.8

Effective for most uses, but not most
scientifically sophisticated 36.8 35.2 34.7

Requires limited repair/renovation to
be used effectively 23.5 23.3 22.6

Requires major repair/renovation to
be used effectively' 15.8 15.5 12.8

Requires replacement2 NA NA 3.1

S&E = science and engineering

NOTES: Because of rounding, components may not add up to 100.

'The data for 1988 and 1990 in this category include space recurring
replacement.

'This category was first used in the 1992 survey.

SOURCE Science Resources Studies Division. National Science
Foundation. Scientific ana Engineering Research Faculties at Universities
and Colleges: 1992. NSF 92-325. Washington. DC. NSF. 1993.
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agricultural sciences (16 percent),

engineering (15 percent), anti

physical sciences (13 percent).

The condition of academic ti&E research facilities
space has improved somewhat between 1988 and 1992.
(See text table 5-3.) Specifically, the amount of space
available for use in the most scientifically sophisticated
research has increased; and the amount of space that
needs limited repair/renovation has decreased.

A significant improvement of institutions' assessment
of the amount of research space also occurred between
1988 and 1992. In 1988 and 1990, 40 to 42 percent of
institutions reported that their space was inadequate.
compared to only 34 percent in 1992.

Although the increased facilities funding has been
beneficial to the academic research infrastructure, sur-
vey results indicate that respondents believe there is still
a construction backlog as well as considerable space that
needs renovation and repair.

lnst:vmentation. Current fund expenditures for aca-
demic research instrumentation grew steadily between
1982 and 1989 before beginning to decline in 1990 and
again in 1991 (constant dollars.)"' (See appendix table 5-130

" Data used here are limited to current funds expenditures for
research instrumentation and do not include funds fur instructional
equipment. Current funds-as opposed to capital funds-are those in
the yearly operating budget for ongoing activities. Generally, academic
institutions keep separate accounts for current and capital funds.
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Figure 5-7.
Current fund expenditures for research equipment
at academic institutions, by field

Millions of constant 1987 dollars (logarithmic scale)
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R&D equipment expenditures grew by 3.9 percent between
1988 and 1989. and then declined by 1 percent between 1989
and 1990, and by 3 percent between 1990 and 1991. About 59
to (i4 percent of these expenditures were covered by the
Federal Government during the 1980s, but the government's
share fell to about 59 percent in both 1990 and 1991. This
percentage varied among indMdual fields, however, with the
social sciences receiving only about one-third of their
research equipment funds from the Federal Government.
and the physical and computer sciences over 70 percent. In
the period between 1982 and 1991, federal support did not
grow as quickly as did nonfederal. Annual growth in federal
support averaged 5.2 percent, while nonfederal support grew
7.8 percent (in constant dollars) during this period.

fly field, current fund expenditures for instruments for
engineering, computer sciences, mathematical sciences.
environmental sciences, and physical sciences increased at
average annual rates, in constant 1987 dollars, of between
6 and 10 percent since 1982. Funds for research equip-
ment for the social sciences and psychology grew at an
average annual rate of less than 4 percent since 1982. (See
figure 5-7.)

Front 1981 through 1991. annual current fund research
equipment expenditures fluctuated between 6 and 7 per-
cent of total MD expenditures. with an upward trend in
this proportion between 1983 and 1986, and a downward
trend since 1986. Equipment purchases as a percentage of
R&I) expenditures were consistently higher than average
in the computer sciences. physical sciences, and engineer-
ing: they were consistently lower in the mathematical sci-
ences, social sciences. life sciences, and psychology.

Characteristics of Academic R&D Instrumenta-
tion... As noted in Science e Engineering Indicators 1991
( \sit 1991), the age distribution of academic research
instrumentation changed significantly over the course of
the first three surveys as a result of both retirement of
older equipment and an increase in the size of the equip-
ment stock. In 1982-83, 62 percent of the in-use instru-
ment systems were 5 years old or less, and 38 percent
were 6 or more years old. Hy 1988-89, 69 percent of the
systems were 5 years old or less.

In each of the four survey cycles, annual expenditures
(in constant (lollars) for the purchase of research instru-
ments increased;'s expenditures for their repair and
maintenance also increased in all but the last cycle. (See
text table 5-4.) After adjustment for inflation, expendi-
tures for purchasing new or used equipment increased
by about 52 percent between 1983-84 and 1986-87
but only by 5 percent between 1989-90 and 1992.) \'hjn-
tenance and repair expenditures increased by 31 percent
between the first and second cycles and decreased by 8
percent between the third and fourth cycles. As a result of
these expenditure patterns, for every dollar spent on pur-
chasing research equipment, 25 cents was spent on main-
tenance and repair in 1983-84. 22 cents in 1986-87, 25
cents in 1989-90, and 22 cents in 1992.

The purchase of new equipment during the 1980s and
early 1990s appears to have produced beneficial results for
many academic departments and research facilities. Thirty-
four percent of the S&E department heads and research
facility administrators reported that the overall adequacy of
their existing research equipment remained about the
same, and 48 percent reported that it improved between
the 1989-90 and 1992 periods. (Similar results had been

Beginning in 1983-84. \ sf. lib funding support front mil. initiated
the triennial National Survey 01 Academic Research Instruments and
lnstrutmmtation Needs. The survey's first three cycles (conducted in
1953-84. 1956-87. and 1989-9(11 collected data for six s&l: fields. with
data on half the fields collected in the survey's first year. and data for
the scond half in tlw survey's second year. For the survey's newest
cycle, the two data collection phases will be consolidated so that all
fields are covered at one time. Also, in previous cycles, each survey
had: Ill department questionnaires requesting departinent expendi-
tures for equipment plus related issues such as equipment needs and
priorities: and (2) instrument data sheets for information on the condi-
tion. cost. usage. etc.. of specific items of equipment. Beginning in the
fourth cycle. each of these components will be conducted every other
year. Thus, the 1992 component of the survey collected only the
department questionnaire survey data.

'Expenditures for research equipment purchases obtained through
,his survey are not readily comparable with those discussed in the pre-
vious section. These survey data include all expenditures-both from
current operating funds and capital accounts-while the earlier discus-
sion is limited to research equipment from current funds expenditures,
which could be a considerably smaller expenditure. Taken together.
however, these two data sources appear to suggest that although over-
all expenditures for instrumentation continue to increase, expenditures
financed front current funds are declining in recent years.

'Expenditure data for the 1983-84 to 1986-87 period and the 1989-1XI
to 1992 period are not comparable because the earlier years do not con-
tain supersyst('ms (units having a piece of equipment generally worth
:1 million or more) while the later years do contain these systems.
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Text table 5-4.
Annual expenditures for research equipment purchases and for maintenance of existing research equipment

1983-84 1986-87 1989-90 1992

----Millions of constant 1987 dollars

Purchases of nonexpendable research equipment 470 713 1,083 1,138

Maintenance/repair of existing research equipment 118 154 275 253

Amount spent on maintenance/repair for each $1 Dollars

spent on research equipment 0.25 0.22 0.25 0.22

NOTE: Years 1983-84 and 1986-87 do not contain supersystems (units having a piece of equipment generally worth 51 million or morel, but years 1989-90

and 1992 do.

SOURCE: Science Resources Studies Division. National Science Foundation. Academic Research Instrumentation and Instrumentation Needs in Science and

Engineering: 1992 (Washington. DC: NSF. forthcoming).

reported between the 1986-87 and 1989-90 periods.) In addi-
tion. 15 percent of S&E department heads reported that the
;lmount of usable equipment had increased by 50 percent
or more, and another 53 percent reported that it had
increased by between 11 and 49 percent, between 1989-90
and 1992. However, even with the increases reported in
both the adequacy of their research equipment and the
amount of usable research equipment. 79 percent of
respondents reported that instrument needs had increased
because of expanding staff or programs or other factors.

Doctoral Scienfists and Engineers
Active in Academic R&D

This section discusses characteristics of academic
scientists and engineers with doctorates from L.S. univer-
sities who, at the time surveyed, worked in science or
engineering fields.''' Emphasis is given to researchers
i.e.. those who report that research is their primary or
secondary work responsibility. This section presents data
on their number and characteristics. including their fields
of concentration, age, sex, race/ethnicity, and extent of
federal support. A discussion is included on trends in the
reported primary work responsibility (for research or
teaching) of S&E doctorates in regular faculty positions.
Some limited data are also presented on graduate
research assistants who participate in academic mi).

Data on doctoral scientists and engineers are derived front the bien-
nial Survey ot Doctorate Recipients condwted for \ 4 by the National
Research Council. (See "Changes in the Survey of Doctorate Recipients"
for a discussion of the survey sample.) In this section. "academic institu-
tions" refer to universities. 4- and 2-year colleges (the latter generally
contribute little to R&D activity), and medical schools, as identified by

the respondents. but exclude university-administered fiquics.
For 1991. no data are available on doctorate-holders employed in

academic institutions who earned their degrees at non-i .s. institutions,
or on those with non-w degrees working in science or engineering.
Except tor some limited data on graduate research assistants (dis-
cussed later in this section), no data are available on nondoctoral aca-
demic research personnel.
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Trends in the Number and Characteristics of
Academic Researchers''

In 1991, there were 177,805 scientists and engineers
with (loctorates earned at t'.5. institutions working in NI%
at u.s. universities and colleges.-2 (See appendix table
5-14.) Of the doctoral scientists in academia, 149,874, or
84 percent, held faculty rank, down from 88 percent in
1979 and 1981. The remainder held other positions. In
all, 134,647 were engaged in academic Eszl) as defined
here, including 76 percent of those with faculty rank and
75 percent of those with other positions.

During the 1980s. the academic doctorate-holding s&F.
workforce became more research-intensive, as measured
by the proportion of those reporting research as their pri-
mary or secondary work responsibility. Between 1979 and
1991, the number of doctoral scientists and engineers
(mtployed in academia increased by 30 percentfrom
135,841 to 177,805but the nutnber of doctoral academic
-,&E researchers increased by 52 percentfrom 88,686 to
134,647. Consequently, the proportion of S&E Ph.D.-hokl-
ers who reported some research activity rose from 65 per-
cent in 1979 to 76 percent in 1991. However, comparing
data from fall 1991 with data gathered in the spring of
1989 (see "Changes in the Survey of Doctorate
Recipients") suggests that this trend has leveled off.

-'1Again, this discussion is limited to persons Ow received doctorates

front 1" .5. institutions who are now working in science or engineering.
The number of academic researchers was determined based on
responses to a question in the Survey of Doctorate Recipients on pri-
mary and secondary work activities. In 1991. respondents were asked:
"Front du. activities listed below. sek-ct your primary and secondary
work activities...in tertns of time devoted during a typical week."
Because many faculty members who devote a substantial amount of
time to R&D often consider another activity (for example. teaching) to
be their primary work activity, those survey respondents who sek-cftd
academic R&D as either their primary or secondary work activity are
included here. 'Ile inclusion of both sets of respondents yields an
amount approximately twice that when only those reporting R&D as
their primary activity are counted. These counts should not be consid-
ered full-time equivalents.

This figure excludes those working in t.tRitt.s administered by uni-
versities or university consortia.
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Changes in the Survey of Doctorate Recipients

Data on the academic employment and research
activities of doctoral scientists and engineers are
derived from the Survey of Doctorate Recipients (s0R),
a sample survey sponsored jointly by the National
Science Foundation and selected other federal agen-
cies and conducted biennially by the National
Research Council. In 1991, SDR underwent several
design changes as part of a larger redesign and
improvement of NSF's science and engineering person-
nel survey system. These changes affect the compara-
bility of 1991 data with those of earlier years.

Through 1989, the SDR sample had included three
major respondent segments: (1) persons with science
or engineering Ph.D.s received from t'.s. institutions,
(2) holders of doctorate degrees in other fields work-
ing in science or engineering at the time of the survey,
and (3) persons with science or engineering Ph.D.s
earned at non-i .s. institutions. The 1991 sample
retains only those respondents in category 1.
Nloreover, in an effort to improve response rates with-
in budget constraints, sampling strata and overall sam-
ple size were reduced: several other changes were
made as well, including a 31-month interval between

the 1989 and 1991 surveys, rather than the usual 24
months.

Definitive statistical studies remain to be completed
on the overall effects of these changes on the data and
the range of interpretations permitted by them.
Preliminary investigation suggests that the revised
st)R survey system permits analysis of trends if the
data used are limited to those respondents encom-
passed by category (1) above who are working in s&E
fields in a given survey year.

Accordingly, the data reported here focus on that
survey segment alone for all years. Status and trends
in academic doctoral S&E employment and research
activity are examined, in general, for two periods-
1979-81 and 1989-91, the latest year for which these
data are available. The 1979 and 1989 data are included
to permit rough comparisons with data reported in
previous Science Engineering Indicators volumes.
and to provide some idea of the extent of the spit
changes. Throughout this section. then, potentially
interesting but small statistical differences should be
treated cautiously. At least for the moment, their inter-
pretation remains problematic.

The sharpest gains over the decade in research activi-
ty were experiencA in the social sciences and mathe-
matics. In 1979, 51 percent of the social scientists and 58
percent of mathematicians were involved in research; by
1991. these fractiwts had risen to 71 percent each. The
highest level of research activity in 1991 (88 percent) was
in the environmental sciences, followed by engineering
and the life scienct with 82 percent each. (See appendix
table 5- H.)

Academic Researchers by Field
The field composition of the academic research work-

force underwent some changes in the past decade. These
changes largely, but not entirely. reflected compositional
shifts in the doctoral academic workforce as a whole.

The number of researchers in the physical sciences
grew more slowly than those in other fieldsabout 22
percent from 1979 to 1991 compared with 50 percent for
all the sciences and 6.1 percent for engineering. (See fig-
ure 5-8.) Computer science researchers increased by 22.1
percent: employment growth in this field was also partic-
ularly strong. I.ife science researchers remained the
largest group, maintaining their 38-percent share of the
S&E total. Reflecting these shifts, the physical sciences
declined front 15 percent to 12 percent of all investiga-
tors. Engineering increased its share of total S&E
researchers from 11 to 12 percent, and the social sci-
ences increased from 16 to 17 percent. The greatest rela-

tive shift was experienced by the computer sciences,
whose share doubled to 3 percent. This increase was
from a small base, however, and computer science
employment still represents less than 3.5 percent of the
academic doctoral sm: total.

The rate of increase in researchers from 1979 to 1991
substantially exceeded the increase in s.K:k employment
in each major field. Consequently, the rate of participa-
tion in academic R&D increased in all major fields, rising
from 75 to 82 percent for engineering, and from 64 to
percent for the sciences. (See appen(hix table 5-15.) L.,ut
(luring the 1989-91 period, robust increases in the num-
bers of researchers were confined to mathematics, the
computer sciences, and engineering; while slight
declines were evident in the physical, life, and social sci-
ences. and psychology. Overall employment in the latter
two fields also fell.

Women in Academic R&D
The overall academic employment of female Ph.1).-

holders in s&I.: more than doubled from 1979 to 1991.
jumping from 16.650 to 35,600. (See text table 5-5.) Over
the same period, the number of women active in R&D
almost tripled, increasing from 9,761 to 25,207. (See
appendix table 5-16.) Thus, by 1991, women constituted
20 percent of all academic doctoral scientists and engi-
neers: in 1979. they had accounted for only 12 percent of
this group. Reflecting this high rate of employment
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Figure 5-8.
Average annual growth rates of employed
academic doctoral scientists and engineers and
those active in academic R&D: 1979-91
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incaqtsealbeit from a rekttively small basewomen
represented almost one-fifth of all academic researchers,
up from 11 percent a decade earlier.

The proportions of women researchers remained
roughly in line with their increased rates of representa-
tion among the various s&F. fields. For example, women
accounted for 39 percent of those employed in psycholo-
gy, and 36 percent of those active in psychology
research; they accounted for 11 percent each of those
employed in. and active in research in. the computer sci-
ences. Their lowest rates of representation were in engi-
neering, where women accounted for 3 percent of aca-
demic doctoral employment and 4 percept of academic
doctoral researchers. (However, their representation in

this fiel(1 had increased from under 1 percent in 1979.)
Half of all women doctoral researchers were active in

the life sciences. Relatively large proportions of women,
compared to men, were also found in the social sciences
and psychology. These three areas accounted for 85 per-
cent of all women researchers in 1991. compared to 57

-
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percent 1)1 all men. Women's field concentrations shifted
sonlewhat over time. For example. from 1979 to 1991,
the proportion of women researchers in the physical sci-
ences anti psychology declined by about 2 percentage
points each, while a slightly larger propotlion was found
in the computer sciences and engineering.

Minorities in Academic R&D
The absolute number of minority researchers in

academia remains low for all groups but Asians.
However, since 1979, black, Hispanic. and Asian doctoral
researchers in academia have increased substantially rel-
ative to their low numbers in 1979: increases for Native
Americans seem to have been more modest.- (See text
table 5-5.) Black s&r. researchers increased from 707 in
1979 to 2,770 in 1991. Hispanic researchers from 931 to
3,038. and Asians from 3,63(1 to 13.105. Academic
employtuent growth followed a similar pattern. (See
appendix table 5-16.1 The increases in these employment
numbers are quite consistent with the number of s&F.
doctoral degrees awarded to minorities since the late
1970s. and suggest that a sizeable proportion of young
minority doctorate-holders have found academic employ-
ment. (See chapter 2. "Doctoral Degrees in S&IY')

Each minority group made very strong gains, in rela-
tive terms, from 1979 to 1991. "l'he increase in minority
doctoral employment during this period exceeded 200
percent. Increases in the number of researchers exceed-
ed 250 percent-290 percent fm- blacks. 260 percent for
Asians, and 226 percent for Hispanics. (See text table
5-5.) Gains for specific fields varied, with the physical
and life sciences, mathematics, engineering, and psy-
chology broadly ranging around the SU, total, while the
computer and environmental sciences well exceeded it
(albeit from very low bases). (See appendix table 5-16.1
As a result. minorities in 1991 comprised 13 percent of
all !-,,K:k doctorate-holders employed in academeup
from just below 6 percent in 1979and 14 percent of re-
searchers also up from 6 percent.

The field concentrations of minority researchers vary
by race/ethnicity. In 1991, Asians disproportioaately
favored engineering and the computer sciences; lower
proportions of Asians entered the environmental and
social sciences and psychology. In this same relative
sense. Hispanics tended toward mathemafics. engineeting,
and the social sciences, and away from psychology and
the life sciences. Blacks in 1991 ten(led away from physi-
cal and environmental sciences, mathematics, and engi-
neering, and toward psychology and the social sciences.
(The numbers for Native Americans in the sample sur-
vey are too small to allow for meaningful breakdowns.)

Note that these numbers derive from a sample survey and should
be taken not as precise enumerations. but as rough indicators of the
actual population. This caveat is especially true for data on Native
Americans because oi the very low number of respondents.
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Text table 5-5.
Academic employment and R&D involvement of women and minority doctoral scientists and engineers

Field
Total employment
1979 1991

Change
from 1979-91

Active in R&D Change
from 1979-911979 1991

Number Percent Number Percent

Women

Total sciences . . 16.555 34.934 112 9.687 24.588 155

Engineering 94 665 615 74 619 736

Minorities

Total sciences
White 115,730 138,474 20 74.063 102,766 39

Asian 3,653 11,868 225 2.724 10,266 277
Black 1.234 3,996 224 700 2,585 269
Hispanic . . .......... 1.180 3,335 183 847 2,613 209
Native American 235 340 45 168 239 42

Engineering
White ..... . 11,519 15.019 30 8.532 12.116 42

Asian . ........ 951 3,264 243 906 2.839 213
Black. . 227 NA 185 NA
Hispanic 273 503 84 84 425 406
Native American NA NA

'Omitted because et small sample size

See appendix tabie 5-16

Teaching and Research as Primary Work
Responsibility

A number of reports in recent years have expressed
concern that university taculty are unduly focusing on
research at the expense of teaching.'' Data from the
Survey of Doctorate Recipients cannot directly address
this issue, but can illuminate certain aspects of it.
Academic doctoral sm.: faculty members were asked
what they considered to be their primary work responsi-
bility. (See appendix table 5-1).) For all sm.: fields. the
numbers reporting their primaiy work responsibility as
either teaching or research'" have increased since 1979.
However, the number naming research as their primary
activity increased much more rapidly (rising roughly 60
percent between 1979 and 1991) than did the number of
those naming teaching (which roses about 15 percent).

Figure 5-9 displays the resulting composition shift.
The more rapid increase for research over the 1979-91
period holds for every major tieldeven those that expe-
rienced a slowdown or decline in employment in 1991.
But in most sm:. fields, the number of faculty reporting

'See chapter 2, "l'ndergraduate Instruction by Type tit Faculty." for
a discussion of thk issue.

Faculty is defined here ;is a respondent reporting employment in
I. as either a protessor. associate protessor. assistant professor,

instructor. or lecturer.
Respondents listing teaching as their primary work responsibility

often list research as their secondary one, and vice versa. Particularly
in advanced graduate training. the two are closely intertwined. The
focus here on primary work responsibility is not meant to imply that
people are either researchers or teachers.

I .
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primary teaching responsibility has kept pace with full-
time enrollment and degrees awarded. (See appendix
table 5-15.)

Those with primary research responsibility in s&E
accounted for more than 60 percent of the increase in

Figure 5-9.
Proportion of academic doctoral
science and engineering faculty with primary
responsibility for research or teaching
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faculty from 1979 to 1991. For the computer sciences,
engineering, psychology, and the social sciences, their
share ranged from 35 to 50 percent: and for the life sci-
ences, 85 percent. The physical sciences showed no
employment growth over the period, and no growth in
the number of faculty with primary responsibility for
teaching. This field did, however, experience an increase
in the number reporting primary research responsibility,
i.e., shifting toward research from c (her endeavors.

Changing Age Structure of Academic
Researchers

A nearly two-decade-long trend toward an aging aca-
demic research workforce is starting to reverse. (See fig-
ure 5-10.) The average age of academic researchers had
increased steadily since 1973. the first year for which
such a series can be constructed. This trend resulted
from the hiring of many young scientists and engineers
during the rapid expansion of Ls. higher education dur-
ing the 1960s. followed bv a hiring slowdown. The medi-
an age of academic researchers rose from 38.9 years in
1973 to 44.4 years in 1989, but fell to 43.6 years in 1991.
The median age of faculty active in research was consis-
tently higher but followed the same general pattern: 39.4
years in 1973, 45.4 in 1989, and 44.5 years in 1991.

Put another way, in 1973 only 25 percent of academic
researchers had earned their Ph.D. degrees more than 15
years earlier: this fraction had risen to 47 percent by 1989,

but declined to 43 percent by 1991. Conversely, "young"
researchers (those who had earned their Ph.D. degrees
within 7 years of the survey date) comprised 47 percent of
the total in 1973. only 25 percent in 1989, but 31 percent in
1991. (See figure 5-10.) Among the major fields, the life
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Figure 5-10.
Distribution of academic science and
engineering researchers by years since Ph.D.
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sciences and computer science have maintained relatively
younger researcher pools, while mathematics has "aged"
the most. (See text table 5-6 and appendix table 5-17.)

Research Participation
Throughout the 1980s, a growing proportion of aca-

demic scientists and engineers in all age groups report-
ed that they participated in research. For example, while
74.2 percent of those within 3 years of receiving their
doctorates reported such involvement in 1979, by 1989,

Text table 5-6.
Academic doctoral researchers by number of years since doctorate award and field

Field
Years since

degree 1973

Total science and engineering 1-7 46.8
>15 25.8

Physical sciences 1-7 43.5
>15 26.5

Mathematics 1-7 55.9
>15 18.1

Computer sciences 1-7 47.5
>15 21.9

Environmental sciences 1-7 46.0
>15 24.7

Life sciences 1-7 42.6
>15 31.6

Psychology 1-7 51.3
>15 21.9

Social sciences 1-7 51.7
>15 23.4

Engineerina 1-7 47.5
>15 19.7

See appendix table 5-17.
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1979 1981 1989 1991

in age groupPercentage
34.6 33.6 25.4 30.9
29.8 31.9 47.0 42.6
26.1 27.3 21.6 27.7

35.9 39.3 59.0 53.3
28.0 28.2 18.8 28.8
25.9 31.3 56.9 43.6
40.3 43.3 26.8 41.0
21.0 21.3 39.6 35.1

33.6 35.0 26.1 28.4

29.6 30.1 44.9 42.0
36.9 35.9 29.2 32.5

30.7 31.1 42.0 38.4
44 5 39.2 26.3 31.3

25.2 26.2 44.1 43.1

41.5 37.5 23.7 29.4

23.3 26.8 44.0 41.9
24.7 22.7 21.3 30.2

34.6 40.5 55.2 46.9

Science & Engineering Indicators - 1993
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Participation of Graduate Students in Academic R&D

In 1989, 28 percent of all full-time s&E graduate stu-
dents (79.595) were supported by research assis-
tantships. While the total number of full-time S&E grad-
uate students whose primary source of support was a
research assistantship continued to rise to a reported
84.901 in 1991, the upward trend in the proportion of
students so supported ended in 1989concluding a 7-
year trend. For both 1990 and 1991. 27.5 percent of
full-time graduate S&E students received such support.

Since 1972, the Federal Government has provided
research assistantships to an increasing number of
full-time S&E graduate students (40.609 or 13 percent
in 1991), but again the proportion so supported has
remained quite steady, fluctuating around 12 to 14 per-
cent. Similarly, although nonfederal research z..ssis-
tantships were awarded to an increasing proportion of
students (from 9 percent in 1979 to 14 percent by
1989), that proportion also stopped growing in 1989.
The increase in numbers of nonfederal research assis-
tantship awards continued, but the proportion
remained at 14 percent in 1991. (See figure 5-11 and
appendix table 5-18.)

Certain S&E fields have higher proportions of gradu-
ate students supported by research assistantships. The
physical and environmental sciences and engineering
continue to have the highest proportions of graduate
students supported by research assistantships
(between 38 and 42 percent), followed by the 'ife sci-
ences (31 percent). In contrast, only 16 percent of

mathematics and computer science students had such
support: this support was evenly split between federal
and nonfederal sources. Thirteen percent each of the
students in psychology and the social sciences were
supported by research assistantships provided primari-
ly by the nonfederal sector. (See appendix table 5-18:
for more information on graduate student support, see
chapter 2.)

Figure 5-11.
Proportion of full-time graduate students in science
and engineering with research assistantships,
by source

Percent

30

25

20

15

10

5

Ail sources

Federal

..... ......
^ Nonfederal

1579 1981 1983 1985 1987 1989 1991

See appendix table 5-18. Science & Engineering Indicators -1993

this proportion had risen to 84.6 percent. Similarly, of
those more than 15 years beyond receipt of their doctor-
ates. 60 percent reported research involvement in 1979

compared to 71 percent in 1989. By 1991, this trend
toward ever-greater proportions reporting research activ-
ities appears to have leveled off for most fields and age
groupsand even to have reversed in some cases. The
attenuation in research intensity is further demonstrated
by a flattening out of the proportion of graduate students
supported by research assistantships. (See "Participation
of Graduate Students in Academic R&D" and appendix
table 5-18.1

Federal Support of Academic S&E
Researchers

Although the Federal Government's share of academic
MD funding declined frorn 67 percent in 1979 to about
60 percent in 1989, a rising proportion of all academic
researchers reported receiving at least some federal sup-
port for their work. These increases were experienced
by all age groups and all major fiel(1s (except the social
sciences, which maintained their 1979 level of federal
support). By 1991, the federal share dropped still further

to 58 percent, and the rate oi increase in federal funding
slowed. "1-he decade-long trend of increasing proportions
of academic researchers with federal support stopped.
although remaining generally higher than a decade ago
for most fields and age groups. (See appendix table 5-19.)

Overall, the 1991 decline in the federally supported
proportion occurred among younger doctorate-holders,
especially those in the pnysical. life, and social sciences,
and in psychology Mathematics (which traditionally has
had a low proportion of federally supported re-
searchers), the environmental sciences, engineering.
andto a lesser degreethe computer sciences are
exceptions to the general trend.

Notable field differences exist in the proportion of
researchers with federal support. All() Ire the mean of 58
percent for all S&E are the environmental, hie, and physical
sciences, and engineering, which ranged from 65 to 75 per-
cent. The computer sciences, mathematics, psychclogy,
and the social sciences are below the mean, ranging
from 29 to 48 percent. (See figure 5-12.) For related
information on federal support of academic researchers,
see "Multiple Versus Single Agency Suppo t" and
"Participation of Graduate Students in Academic R&D."
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Figure 5-12.
Academic doctoral researchers reporting
federal support. by field: 1991
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Outputs of Academic R&D:
Scientific Publications and Patents

A principal output of university research is new knowl-
edgean output that is difficult to conceptualize and
measure. Nonethele-zs. several useful indicators of the
outputs of academic :,,m) do exist. One such indicator is

publication countsthat is. the number of scientific and
technical journal articles. Another useful indicator is the
number of patents a..varded to I .s. universities.- Both of
these indicators are ciiscussed below. For a discussion of
;mother main outpul f acadennc institutionseducated
studentsto which n..search contributes. see chapter 2.
"Higher Education in Science and Engineering.-

World Literature in Key Journals'^
U.S. Share. Scientists and engineers in the United

States continue to produce a substantial share of the
world's new sm: knowledge. In 199]. 1 .s. authors pub-
lished over 142,00tt articles in the natural sciences and
engineering in a set of 3.500-plus journals: over 70 per-

See chapter 1). Inventions.- tor a discussion 4)1 the limita-
tion, ot patent, data.

These publIcation 0,..:11 data are based on a set of more than ;..50)
influential technical jo:7-nals tracked hy the Institute of Scientific
lntorniation in its Citation Index. (The social sciences and
social aspcts o psch .11T not captured in this data set.) ft is
unclear what share ot ;: total world s. I. publication,4 is represented
by these journals. this set is generally consideted to he rep-
resemative of scientific i:nd technical journals of the Western industri-
alized nations, thouv:h so of oth,-r countries. Publication counts
befon, I 1.51 are based ,inaller set ()) iournalsaround 2.118)--but
many oi the telative yis (i.e.. field or country sitar( s) appear to
!told true across the tv,o :Ira sets:

'
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cent of these publications came from the academic sec-
tor. Ile total number of r.s. articles accounted for 35
percent of the world's output in these fields. This propor-
tion represents a modest decline of about 1 percentage
point since 1981. continuing a gradual decline in world
sharealbeit at an attenuated ratethat began during
the 1970s. (See appendix table 5-21.)

This trend has not affected all fields equally. (See fig-
ure 5-14 and appendix table 5-2 1.) In chemistry, the
United States had. by 1991. regained the world share it
held in the early 1970s (23 percent): in mathematics, the
U.S. national share increased, even though its actual
number of articles declined, largely because of a still
greater decline in the number of articles in this field
worldwide. The reverse held true for clinical medicine.
In this field, world publications increased more rapidly
than did the number of u.s. articles, leading to a declin-
ing I.S. share. In engineering and technology, both t'.s.
articles and u.s. world share declined strongly during
the 1980s. losing almost 5 percentage points. Gains and
losses for some specific specialties (some of which have
relatively few publications) are even more pronounced.
(See appendix table 5-22.)

Nevertheless, the U.S. share of world publications far
exceeds that of any other single country. (See appendix
table 5-23.) In 1991. the United States produced

23 percent of the world literature in chemistry,

30 percent of physics publications. and

between 3(i and 42 percent of the literature in the
other major fields.

Foreign Country Shares. Scientists and engineers in
the United States. the European Community, and Japan
produce about two-thirds of the world's influential su
literature. As noted earlier. the United States accounts
for the largest share-35 percent of the total in 1991.
Authors in all European Community countries together
accounted for another 27 percent, with the United King-
dom, Germany. and France contributing 7.5, 6.8. and 4.8
percent, respectively. Japan provided 8.5 percent of the
world's total scientific and technical literature in 1991:
the former Soviet Union contributed about 7 percent.
Canada accounted for the next largest share of the iitera-
ture at 4.2 percent. Sweden. the Netherlands, Australia,
and India contributed about 2 percent each, as did the
Eastern and Central European Lountries outside the for-
mer Soviet Union (down from 3 percent a decade earli-
er) . About 1 percent each was contributed by
Switzerland. China, and the Asian newly industrialized
countries group. The latter two entities increased from
0.3 and 0.2 percent. respectively. in 1981.4 (See
appendix table 5-23.)

Note that tor deveioping and Eastern and Central European con,
tries, absolute levels of publications are less important than the trends
in their publications behaviori.c.. declines tor the lormer during the
19ms. and strong increases (from a small base) for some of tlw latter.

E



150 Chapter 5. Academic Research and Development

Multiple Versus Single Agency Support*

Between 1979/81 and 1989/91, there were increases
in both the number and perc-ntage of S&E doctorate
recipients employed at u.s. universities and colleges
who reported that they received support from the
Federal Government. These increases occurred in all
S&E fields. While the majority (80 percent in 1979/81)
of academic S&E doctorate-holders reported receiving
support from only a single federal agency, a growing
proportion-28 percent in 1989/91, compared to 20
percent in 1979/81reported support from a number
of agencies. (See figure 5-13 and appendix table 5-20.)

The extent of reliance on single or multiple agency
support varied considerably by S&E field both in the
earlier and later periods. !. wever, all S&E fields
reported an increase in the percentage of those feder-
ally supported academic doctorate recipients support-

ed by more than one agency: The largest increase
occurred in the computer sciences, which rose from
about 21 to 39 percent.

Mathematical scientists, life scientists, social scien-
tists, and psychologists report the highest percentage
(about 80 percent in 1989/91) of reliance on a single
agency for their support. The lowest percentage was
reported by federally supported academic doctoral
environmental scientists (50 percent). The remaining
fieldsphysical sciences, computer sciences, and
engineeringfall somewhere in between these pro-
portions.

*The data underlying this discussion are derived from a question in
the biennial Survey of Doctorate Recipients. Respondents are asked
whether they have received federal support and, if so. from which
agencies.

Figure 5-13.
Proportion of federal!y supported academic doctorate-holders reporting multiple agency support, by field
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Figure 5-14.
Percentage change in U.S. share of world
scientific and technical articles: 1981-91
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International Coauthorship. A strong trend is evi-
dent toward international coauthorship."" (See appendix
table 5-24.) In 1991, 11 percent of the world's scientific and
technical articles were internationally coauthored, double
the proportion of a decade earlier. This rise in coauthor-
ship has affected all major fields. Tne earth and space sci-
ences, mathematics, and physics have the largest percent-
ages of coauthored articles. (See figure 5-15.)

U.S. Publication Patterns. Over 60 percent of U.S.
publications in 1991 were in the life sciences, particularly
in clinical medicine and biomedical research, which
together accounted for more than half of u.s. publica-
tions. (See figure 5-16.) This proportion for the life sci-
ences as a whole has been roughly stable over the past
decade. (See "U.S. and Wo; id Publications in Biology
and Biomedical Research" and appendix table 5-21.)

The sectoral origins of u.s. science and engineering
articles remained quite stable during the 1980s with a
marginal increase in the academic share and offsetting
declines in those of FFRDCs and the Federal
Government. About 70 percent of U.S. articles are pub-
lished by academic researchers. Industry, the Federal
Government, and nonprofit organizations contribute 7 to
9 percent each, while about 3 percent are written by
FFRDC researchers. (See appendix tahle 5-25.)

In international coauthor.ship situations, at least one author's insti-
tutional affiliation is in a country different from that of the other(s).

Figure 5-15.
Internationally coauthored articles as a
percentage of all articles
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In all fields except mathematics, academic authors
supplied between 60 and 77 percent of U.S. articles. In
mathematics, they account for 92 percent of the arti-
cles.'" Major field concentrations for industry are found
in engineering and technology (24 percent of total) and
in chemistry and physics (17 percent each); major con-
centrations for the Federal Government are in earth and
space sciences (15 percent) and biology (14 percent); for
nonprofit organizations in clinical medicine (13 percent);
and for FFRDcs in physics (13 percent).

Industry-University Coauthorship. An increasing
share of the articles published by industry-based authors
is coauthored with academic scientists or engineers. In
1991, 35 percent of all industry articles had such coau-
thorshipup from 22 percent a decade earlier!' The
trend toward industry-university coauthorship affected all

"Coincidentally. this field has a relatively small share of researchers
supported by federal funds.

LThis increase in university-industry cooperation is also reflected in
funding patterns (see chapter 4 and "Financial Resources for
Academic R&O," earlier in this chapter).

o
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Figure 5-16
Distribution of U.S. publications by field: 1991
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major fields. vaiying degree.--. Industry anicles in
chemistry engineering and technology were least
likely to hay .. a university-based coauthor 121 and 26 per-
cent. re,pectively): those in the science fields and
mathematics were the most likely (10 to 19 percent).
(See appen(lix table 3-26.)

Patents Awarded to U.S. Universities
Me recent marked increase in university patenting

may be -;een as an indicator of the potential role academ-
ic m U can play in the development of technology and
new products. Flie number of patents awarded to ( .s.
universitie.s. which had increased sharply during the
1989,. continued rise through 1991. (See appendix
!able .3-27.) In 1991. 1.:12-1 patents were awardeo to aca-
dynlic in-,titutions. compared to a previous high of 1.218
in 19z,9 and only 1 ;;T a decade earlier. The increase dur-
ing the eighties was partly due to a 1980 change in c.s.
patent law that allows academic institutions and small
businesses to rctain title to inventions resulting from fed-
erally supported kA.D. In 1991, t universities received
I. percent ol z.11 t .s. patents. up from 1.0 percent in
1980.

Vniversity patenting increased particularly rapidly dur-
ing second half of the 19z-4)s and early 1990s. In fact,
2-1 percent of all patents issued to v.s. academic institu-
tions since 1969 were awarded in 1990-91. Prominent
among higher volume patent classes in the late 1980s
and early 1991k were those involving health or biomedi-
cal applications: superconductor technology: chemistry:
optics: and computing. electronics, and information pro-
cessing. (See appendix table 5-281

The 10() largest research universities account for a

P.11iIth, I rpri,c111 ;1 ; 0101111;111 ,iturcti ot hinds kir academic titlittt
him.. I .1 brir: 1111,-, topic. -.CC 1110111W FrOf11 N1411111114

,11111 . rriincem, ni

U.S. and World Publications in Biology
and Biomedical Research

There has been a shift in the relative field distri-
butions between articles in biomedical research and
those in biology, both in the United States and
worldwide. Between 1981 and 1991, the number of
biomedical articles published worldwide has
increased by 24 percent, and by 22 percent for U.S.
authored articles. In contrast, articles reporting
biology research results fell by 9 percent world-
wide, and by 11 percent for the United States. (See
figure 5-17.)

Figure 5-17.
Shifts in U.S. and world articles in biomedical
research and biology
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large share of all acadi 'mic patentsabout 85 percent in
the 1987-91 period. (See appendix table 5-27.) This pro-
portion was an increase over the 1969-75 period, when
these institutions received 75 percent of the patents.
Between 1969 and 1975. only 64 of the top 10() received
patents: in the 1987-91 period, this number rose to 88.

However, a composition shift has taken place in aca-
demic patenting. The very largest (top 20 by research
volume) and very smallest institutions (i.e., those ranked
below 100) are being awarded a smaller share of all aca-
demic patents than in the past, while institutions ranked
21 to 100 have growing shares. (Se figure 5-18.) This
trend reflects relatively stronger gi owth in patenting
activity among the middle-tier institutions.
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Income From Patenting and License Arrangements

Although no nationally representative data are avail-
able on the revenues universities derive from patents
and licensing arrangements, a recent General
Accounting Office study (GAO 1992) reported on the
patent and licensing activities of 35 major research uni-
versities:

'During fiscal years 1989 and 1990, the 35 universi-
ties in our study (1) granted 197 exclusive licenses and
339 nonexclusive licenses and (2) earned $29.3 million
from exclusive licenses and $52.7.million from nonex-
clusive licenses. Typical licensees given exclusive
rights to commercialize the results of federally funded

research were small Ls, businesses: and most exclu-
sive licensees were pharmaceutical, biotechnology, or
other medical companies.

"Most of the surveyed universities substantially
expanded their programs to transfer technology to
businesses during the 1980s. Twelve universities
formed an office to license technology, while many
others expanded and/or reorganized their technology
licensing activities. For example, Harvard University,
which granted its first license in December 1980.
granted 39 licenses in fiscal year 1990."

Figure 5-18.
Proportion of patents gr nted to academic
institutions, by volume of institutions'
research activity
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Highlights

INTERNATIONAL ECONOMIC COMPARISONS

The United States economy continues to rank as
the world's largest and Americans continue to
enjoy one of the world's higher standards of liv-
ingbut other parts of the world are quickly
catching up. Japan's economy was less than 10 per-
cent of the u.s. economy in 1960 and trailed most of the
major European e.,:onomies. By 1991. it had grown to
be the world's second largest economy with a gross
domestic product (GDP) twice that of former West
Germany and equal to nearly 42 percent of U.S. (;DP.
Several Asian newly industrialized economies show
similar patterns of growth starting in the late 1970s.

Comparisons of general levels of labor productiv-
ity, measured by Gt)I, per employed person,
again show other parts of the world quickly clos-
ing in on the u.s. lead position. For the past 40
years, labor productivity growth in the United
States consistently fell below almost all other
countries. In 1960, U.S. GDP per employed person was
twice that calculated for most European nations and
four times that calculated for Japan. By 1991, the gap
closed significantly with labor productivity rates in
many European nations and in Japan rising to 70 to 90
percent of the t'.s. rate.

THE GLOBAL MARKEL'S FOR U.S. TECHNOLOGY

The United States continues to be the leading pro-
ducer of hightech products, responsible for over
one-third of total OECD-country production.
However, its leadership is being challenged by Japan.
which increased its share of OECD production (if
high-tech products during the lt)80s and early
nineties.

The market competitiveness of u.s. high-tech
industries varies by industry. Of the six industries
that form the high-tech group, three u.s. industries
those producing scientific instruments, drugs and
medicines, and aircraftgained global market share
during the 1980s and maintained that market share
into the early 1990s.

Despite a domestic focus, U.S. producers are
important suppliers of high-tech products in
overseas markets. u.s. producers led all other
countries in high-tech exports in 1981 and 1982.
Japan's exports of high-tech products surpassed the
United States and Gerrnany in 1983 and continued to
lead by varying margins through 1992.

Of the six industries that form the high-tech
group, in 1992 Japan led the world in exports of
communication equipment, computer equipment,

electrical machinery, and in exports of scientific
instruments. The United States was the leading
exporter in onl, one high-tech industryaircraft.

By the mid-1680s, u.s. high-tech exports failed
to keep pace with U.s. imports of high-tech
products producing persistent annual trade
deficits through 1992. Trade in computer and
office equipment shows the greatest deficit of all the
high-tech areas. Nevertheless, three of the six high-
tech areas continue to show trade surpluses: aircraft.
pharmaceuticals, and scientific instruments.

The United States is the world's largest national
market for high-tech products, and U.S. demand
for high-tech products was increasingly met by
foreign suppliers during the 1980s and into the
early 1990s. Import penetration of u.s. high-tech
markets was deepest in the computer industry.
Foreign suppliers also gained market share in the
other industrialized countries, including Japan. Still.
as of 1992, Japan continues to be the most self-reliant
among the major industrialized countries.

INDUSTRIAL R&D

Despite a two-decade decline in its internation-
al share of all industrial R&D, the United States
remains the leading performer of industrial R&D
by a wide margin. In 1990, it surpassed the com-
bined R&D performed in the industrial sector of the
12-nation European Community and was twice that
performed in Japan.

R&D is highly concentrated in a few industries.
Eight industries accounting for over 80 percent
of all industrial R&D performed in this country.
The aircraft and communications equipment indus-
tries have consistently been the largest performers of
R&D in the United States. Th.- u.s. computer and office
equipment industry has taken over third place from
the u.s. motor vehicle industry. In 1990, these three
industries together accounted for over 50 percent of
all industrial R&D performed in the United States.

Since 1973, R&D performance in Japanese manu-
facturing industries grew at a higher annual rate
than in the United States, and, since 1980, faster
than all other industrialized countries. Industrial
R&D in Japan is less concentrated than in the United
States, with its top three R&D performing industries
communications equipment, motor vehicles, and elec-
trical machineryaccounting for around 40 percent of
national total. Rapid R&D growth in the Japanese com-
puter and office equipment industry during the 1970s
and 1980s moved that industry among that country's
top five industry performers by 1984.
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German industrial R&D appears to be somewhat
less concentrated than in the United States, but
more so than in Japan with the same five indus-
tries leading the country in rszd performed. The
five industries included in the top five R&D performers
in Germany mirror German commercial prominence
as a supplier of world-class machinery and motor vehi-
cles.

PATENTED INVENTIONS

The number of u.s. patents granted to Americans
has been increasing since 1983. Patent activity by
foreign inventors in the United States generally fol-
lowed the Ls. trend, although the number of foreign-
origin patents granted declined somewhat slower dur-
ing 1976-83 and increased somewhat faster after 1983.

Foreign patenting in the United States is highly
concentrated by country of origin. Inventors from
the European Community and Japan account for 80
percent of all foreign-origin Ls. patents. Newly indus-
trialized economies. notably Taiwan and South
Korea. dramatically increased their patent activity in
the United States during the last half of the 1980s.

Recent patent emphases by foreign inventors in
the United States show widespread international
focus on several commercially important tech-
nologies. Japanese inventors are earning patents in
information technology, as are German inventors.
whoalong with French and British inventorsare
also showing high activity in biotechnology-related
patent fields. Inventors from Taiwan and South Korea
are earning an increasing number of u.s. patents in

technology fields related to communications and elec-
tronic componentry.

Americans successfully patent their inventions
around the world. In 1990, countries in which Ls.
inventors received more patents than other foreign
inventors included Japan. the United Kingdom,
Canada, Mexico, Brazil, and India.

International patenting in three important tech-
nologiesrobot technology, genetic engineering,
and optical fibersunderscores the inventive

introduction

Chapter Background
Perhaps not since the launch of Sputnik has the national

spotlight been turned so directly on the u.s. science and
technology (s&T) enterprise. In these post Cold War times,
policy interests have become more narrowly focused on the
economy and on finding ways to improve u.s. economic
competitiveness. u.s. science and engineering, and the tech-
nologies that emerge from related research and develop-
ment (R&D) activities. a-..e widely recognized for their contri-
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activity by the United States, Japan, and Europe
in these diverse technologies. Based on an exami-
nation of national patenting activity in 33 countries
during 1980-90. Japan and the United States lead in
overall technological activity in these areas.

U.S. position in these technologies improved
over the decade as did the technological signifi-
cance of its inventions corrected for level of
activity. However. Japan's contribution to the most
significant work in these technologies is lower than
would be expected based on its high level of activity.
Great Britain and France appear to produce signifi-
cant new technologies at a higher rate than would be
expected based on their somewhat lower level of
intel-national patent activity.

SMALL HIGH-TECH BUSINESS

Since the late 1980s. there has been a sharp
decline in new high-tech company formations.
This decline follows a period of rapid formation of
such companies during the second half of the 1970s
and into the early 1980s.

Software development companies exhibited strong
relative share growth in the early 1990s. Other
fields experiencing such growth were the biotechnolo-
gy, advanced materials, and photonics and optics fields.

Fewer than 7 percent of U.S. high-tech compa-
nies are foreign owneddown from 11 percent
just 2 years ago. The United Kingdom is the largest
foreign holder of U.S. high-tech companies, followed
by Japan and Germany.

NEW HIGH-TECH COMPETITORS

Several Asian countries seem headed toward
future prominence in technology development and
a greater presence in global high-tech product
markets, when a model of leading indicators is applied.
Taiwan and South Korea seem best positioned to
enhance their stature in technology-related fields and
their competitiveness in high-tech markets. Malaysia
and Singapore could be the next Asian "tigers,"
although their technological base seems narrower du-.

butions to the Nation's economic growth. Accordingly, they
are an important component of the national effort to improve

Ls. competitiveness.
Bolstered by both private and public investments in R&D,

American technological innovation spawned new indus-
tries, revolutionized the way manufacturing was done, and
raised expectations as to how products should perform. I.
leadership in the world economy was made possible by
these many technological breakthroughsbreakthroughs
made possible by the Ls. science and engineering enter-
prise during the 20th centuiy.

187
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'Foday, the (*lilted States is facing a challenging glob-
al economy that becomes more dynamic and more
intensely competitive with each passing decade.
Previously, the lower paid, labor-intensive Ls. indus-
tries fell victim to global competition; by the 1980s. how-
ever. v.s. high-tech industries also found intense foreign
competitionespecially from Japan and Europein
markets they once dominated. And in the 1990s. compe-
tition opened on yet another front as several of the
newly industrialized economies (NIEs) posed new chal-
lenges for Ls. producers.

A nation's competitiveness is often evaluated on its
ability to produce goods that find demand in international
markets while simultaneously maintaining, if not improv-
ing, the standard of living of its citizens.' Although the
i'.s. economy continues to rank as the world's largest.
and Americans continue to enjoy one of the world's high-
er standards of living, many other parts of the world are
closing the gap. (See figure 6-1 and appendix tables 6-1.
6-2, and 6-3.) The Clinton Administration makes the con-
nection between investments in technology and a grow-
ing economy. Clinton and Gore (1993) envision

"...more high-skill, high-wage jobs for American
workers; a cleaner environment where energy effi-
ciency increases profits and reduces pollution; a
stronger, more competitive private sector able to
maintain u.s, leadership in critical world markets;
an educational system where every student is chal-
lenged; and an inspired scientific and technological
research community focused on ensuring not just
our national security but our very quality of life."

-11e new administration sees the u.s. science and tech-
nology enterprise as a resource that needs to be more
committed to American industry in order that a new Ls.
paradigm for economic growth might be defined that
can enhance c.s. industrial competitiveness and sustain
the 1.s. standard of living. This chapter brings together
information on s&T activities that are key elements of
this new paradigm: technology development and the
competitiveness of Ls. industries that rely on and com-
mercialize new technologies.

Chapter Organization
U.S. technology development and competitiveness span

activities and issues that cannot be fully explored in the
present context. Instead, this chapter presents several
sets of indicators that provide measures of national activi-
ty and inteniational standing in these areas.

The chapter begins with a review of market competitive-
ness of manufactured products that incorporate high levels
of R&D, produced by what are often referred to as high-

'For further discussion of international competitiveness, see
Competitiveness Policy Council ft 9931 and 01 A (1991).
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Figure 6-1.
International economic comparisons
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technolow; industriesH The importance of high-tech indus-
tries is linked to their high R,KD spending and performance
which produce innovations that "spill over into other ceo-
notnic sectors and because they help to train new scien-
tists, engineers, and other technical personnel (see Tyson
1992). The market competitiveness of a nation's teclmolog-
Wal advances, as embodied in new products and processes
associated with these industries, can also serve as an indi-
cator of the effectiveness of that country's enterprise.
The marketplace provides a commercial-based evaluation
of a country's use of science and technology.

v.s. high-tech industry competitiveness is assessed
through an examination of market share trends in both
foreign and domestic markets. New data on royalties.
fees, and technolo ty agreements are used to gauge v.s.
competitiveness in terms of intangible (intellectual)
property and technological know-how.

The chapter then explores several leading indicators
of technology development (1) via an examination of
changing emphases in industrial R&D among the major
industrialized countries and (2) through an extensive
analysis of patenting trends. New information on interna-
tional patenting trends of u.s. and foreign inventors in
several important technologies is presented.

The role of small business in high-technology indus-
tries is then next, primarily through new information on
the technology areas that seem to attract new business
formations, generate employment and export activity,
and attract foreign capital.

The chapter concludes with a presentation of new lead-
ing imficators that are designed to identify those countries
with the potential to become more important exporters of
high-technology products over the next 15 years. Current
data availability limits this discussion to an examination of
the high-tech potential of several Asian countries.

The Global Markets for U.S. Technology
In the United States, two parallel developmentsthe

growing import penetration of the v.s. domestic market
and the recent large t'.s. trade deficitshave drawn
attention to the country's ability to compete in an
increasingly international economy. In particular. recent
challenges to u.s. leadership in many high-technology
product markets have led policyrnakers to examine the
role of the Nation's S&T in supporting and restoring U.S.
competitiveness in the global marketplace.

'fhere is no single preferred methodology (or identitYing high-tech-
nology industries. The identification ot those industries considered to
be high-tech has generally relied on ,:oine calculation comparing t0.1)
intensities. 10.0 intensity, in turn, has typically been determined by
comparing industry k&D expenditures and/or numbers of technical
people employed (i.e., scientists, engineers. technicians) to industry
alue added or the total value of its shipments. In this chapter. high-

tech industries are identified using M0 intensities calculated by the
Organisaiion for Economic Co-operation and Development.
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There are several reasons why high-tech industries
are important to the v.s. economy.

High-tech firms are associated with innovation. Firms
that are innovative tend to gain market share, create
new product markets. and/or use resources more pro-
ductively. These characteristics have helped to make
high-tech industries the fastest growing industries in
the United States (ITA 1993, p. 21. tables 3 tnd 4).

High-tech firms are associated with high value-
added manufacturing and success in foreign mar-
kets which helps to support higher compensation to
the production workers they employ.'

Industrial R&D performed by high-tech industries
has other "spillover" effects. These effects benefit
other commercial sectors by generating new prod-
ucts and processes that can often lead to productiv-
ity gains. business expansions. and the creation of
high-wage jobs (Tyson 1992: ITA 1993: and Had lock,
Hecker. and Gannon 1991).

This section discusses v.s. "competitiveness," broadly
defined here as the ability of v.s. firms to sell products in the
international marketplace. The concept of a nation's global
competitiveness incorporates both its ability to export and
compete against imports in the home market. The analysis
in this section relies heavily on data compiled by the
Organisation for Economic Co-operation and Development
(oEcD) and the U.S. Department of Commerce (Doc).

Throughout this section, industiy-level data are present-
ed for manufactured goods disaggregated by (1) those
industries producing products that embody above average
levels of R&D in their developnwnt (hereafter referred to as
the high-terlumlogy industries and consisting of the aircraft.
office and computing equipment, communications equip-
ment. drugs and medicines, scientitk instruments, and
electrical machinery industries) and (2) all other manufac-
turing industries. (See "OECD High-Tech Industries.")

The Importance of High-Tech Production
High-technology goods are driving national economic

growth in all of the major industrialized countries.' The
global market for high-tech manufactured goods is grow-
ing at a faster rate than that for other manufactured

For more extensive data on average earnings. see Ins (19911 and
Iladlock. Hecker. and Gannon I 1991).

The ol. U membc: countries account tor over 73 percent 01 global
exports of manufactured goods and account tor an even higher per-
centage of overall exports of high-technology goods (HA 1955, p. 13).
The 24 countries reporting to tit.t.D are Australia. Austria, Belgium/
I.uxembourg, Canada. Denmark. Hnland. France. Greece. Iceland.
Ireland. Italy, Japan. The Netherlands. New Zealand, Norway,
Portugal, Spain. Sweden. Switzerland. Turkey, the United Kingdom.
the United States, and Germany.

Although the tia-D data set does not include several nations of
increasing importance in technology marketsimist notably. the East
Asian newly industrialized economiesit does provide a reasonable
approxiinatiintif kbal commercial activity.

I 0.0
%J.
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OECD High-Tech Industries

OECD identifies six industries as being high-tech
based upon their high R&D intensities (R&I) spend-
ing as a percentage of production) relative to other
manufacturing industries. The DECO definition was
established in 1986 using 1980 data. A review was
conducted in 1992 and the rankings remainvd
unchanged. Following are the six high-tech indus-
tries, their International Standard Industrial
Classification codes, and their 1980 R&D intensities.
Also included are similar data for the "other manu-
facturing industries" used throughout this chapter.

Industry
'sic

code
R&D

intensity

High-technology
Aircraft (Aerospace) 3845 22.7

Office & computing equipment . . 3825 17 5

Communications equipment . . . . 3832 10.4

Drugs & medicines 3522 4.8

Scientific instruments 385 4.8

Electrical machinery 383 excl. 3832 4.4

Other manufacturing
Motor vehicles 3843 2.7

Chemicals 351 and 352.
excl. 3522 2.3

Average for all other
manufacturing industries 1 8

The OECD categorization used here is more restric-
tive than the Department of Commerce's DOC-3
high-technology system, which includes space tech-
nologies and ordnance as high-tech industries. (See
[TA 1983.) Note that the other manufacturing catego-
ry does not include agriculture or services.

goods. In constant dollar terms (1980), production of
high-tech manufactures by the major industrialized
nations more than doubled from 1981 to 1992, while pro-
duction of other manufactured goods grew by just 29
percent. (See figure 6-2 and appendix table 6-4.) Output
by the high-tech industries represented under 14 per-
cent of global production of all manufactured goods in
1981: by 1992. it represented 22 percent.

The conversiim int., constant 1.980 dollars is done in two steps:
Vroduc:-specific ;Awe changes are reinoved by deflating the cur-
rent dollar litr each product category (for all countries)
using the price :la lex (198)l 1.0) for tlw corn.sponding indus-
try in Dal/ McGraw-Hill's 430-sector inter-industry model of the
t economy.

2. All production -,-rws for a given country are multiplied by the
ratio of the i .- gross national product deflator to the gross
domestic product deflator of that country to adjust for differences
in the general rate of inflation.
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Figure 6-2.
Global production of manufactured products
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In the increasingly competitive environment of the
1980s. the United States. Japan. and Europe moved re-
sources toward the manufacture of higher value, tech-
nology-intensive goods. In 1989, l'.s. high-tech manufac-
tures represented 23 percent of total u.s. production of
manufactured output, up from 15 percent in 1981. High-
tech manufactures accounted for 16 percent of the Euro-
pean Community's total production in 1989, compared
with 12 percent in 1981. But the Japanese economy led
all other major industrialized countries in its economic
reliance on the high-tech industries: this emphasis on
high-tech manufacturing began to increase rapidly dur-
ing the middle part of the decade. In 1981, high-tech
manufactures represented nearly 17 percent of total
Japanese production, rose to 22 percent in 1984, and
then to 29 percent in 1989. (See figure (3-3.)

Data for the 1990s indicate a continued focus on high-
tech manufactures among the industrialized countries.
High-tech manufactures are estimated to represent 27
percent of l'.S. manufacturing output in 1992, 31 percent
of Japan's and nearly 17 percent for the European
Community countries.'

Share of World Markets'
Throughout the 1980s and early 1990s, the United

States was the world's leading producer of high-tech

IOU

Data for lO91 and 1002 are estimates by Mt/McGraw-Hill.
Workl market shares are calculated using data on 04(.0 production

contained in appendix table ti-4.
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Global Competitiveness of individual
Figure 6-3. Industries
High-tech industries' share of total manufacturing
output
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products, responsible for over one-third of total OECD
member country production during this period. u.s.
global market share did decline slightly from 1981 to
1986. but the trend was reversed beginning in 1987. The
u.s. share of the world market for high-tech manufac-
tures grew irregularly after 1986, but by 1992, t:.s. high-
tech industries were able to recapture the market share
lost during the early eighties.

While u.s. high-tech industry struggled to maintain
market share during the 1981-92 period, Japanese high-
tech industries folio'. 2d a path of steady gains in global
market share. In 1992, Japan accounted for nearly 28
percent of ()ECD member country production of high-
tech products, moving up 6 percentage points since
1981. (See figure 6-4.)

Japanese gains in global high-tech markets appear to
have been made at the expense of European Community
high-tech producers: Germany. France, and Italy all
steadily lost market share between 1981 and 1992.
British high-tech producers actually gained market
share for most of the eighties before joining the general
European high-tech decline in 1989. This decline contin-
ued into the early nineties, ultimately leaving British pro-
ducers with a smaller share of OECD high-tech produc-
tion in 1992 than it held in 1981.
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The market competitiveness of individual t'.s. high-
tech industries varies. Of the six industries that form
the high-tech group, three U.S. industriesthose pro-
ducing scientific instruments, drugs and medicines, and
aircraftgained global market share during the 1980s
and maintained that market share into the early
nineties. The U.S. computer and office equipment indus-
try experienced the sharpest drop in global market

Figure 6-4.
Region/country share of global high-tech market
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share of the six high-tech industries during the 1980s,
but also rebounded with the greatest gain in market
share in the early nineties. (See figure 6-5.)

As of 1992, the t'itited States was still tlw workl's lead-

ing producer in the following high-tech industries:

aircraft (accounting for 60 percent of OECD produc-

tion).

scientific instruments (48 percent).

computers and office equipment (43 percent), and

pharmaceuticals (30 percent).

Where it once dominated high-tech inark,ms both at
home and abroad, u.s. leadership is now challenged on a
variety of fronts. In the following sections. t'.s. competi-

tiveness is examined first in foreign markets and then in

the u.s. home market.

Figure 6-5.
U.S. global market share, by high-tech industry
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Exports Share of Total Manufacturing
Production

Historically, the United States has not been an econo-

my oriented toward serving foreign markets. In fact, in

the I;nited States. exports account for a smaller propor-

tion of manufacturers' shipments than in any other
industrialized economy. (See figure 6-6.) From 1981 to

1985, u.s. producers exported about 8 to 9 percent ot

Figure 6-6.
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total doniesdc production; this proportion rose to nearly

13 percent in 1992. 13y comparison, during this same
period, Japanese producers exported 13 percent of that
country's domestic production in 1981. 18 percent by
1986, and 22 percent by 1992. European Community
manufacturers exported even higher percentages of

domestic output. In 1981, European producers exported
31 percent of total production, over 38 percent in 1986,
and nearly 48 percent by 19922'

While u.s. producers have reaped many benefits from
having the largest home market in the world, mounting
trade deficits of the 1980s also generated concern about
the need to expand U.S. exports. t'.s. high-tech industries
have traditionally been more successful than other c.s.
industries in foreign markets. Consequently, high-tech
industries luxe attracted considerable attention from poli-

cymakers as they seek ways to return the United States to

a more balanced trade position.

Foreign Markets. Despite their domestic focus.
producers are important suppliers of high-tech products
in overseas markets. Still, the 1980s proved to be chal-

'These figures include trade between individual European nations. 11

data were available that excluded this intra-European trade. exports by
European producers would represent a significantly sotalkT share 01

total output.
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Figure 6-7.
High-tech exports
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lenging, as the Ls. share of foreign markets dropped
steadily from 23 percent in 1981 to 18 percent in 1986.''
The strength of the u.s. dollar during the early eighties
hampered u.s. competitiveness globally. But as a conse-
quence, Ls. producers were driven to be more innova-
tive, to improve product performance, and to increase
manufacturing efficiency. Better products. coupled with
a weakening dollar, led to a rise in foreign market share
after 1986, and r.:;. high-tech industries share of (IEct)
exports rebounded to 20 percem by 1988. However, an
intensifying global economic slowdown and an appreciat-
ing Ls. dollar once again sidetracked Ls. export growth,
and the Ls. foreign market share slipped to just below
18 percent in 1992.

The United States is no longer the world's leading
exporter of manufactures produced by high-tech indus-
tries. Beginning in 1983. Japan surpassed the United
States and Germany in overall high-tech exports and
continued to lead by varying margins through 1992.
(See figure 6-7.) In 1992, Japan accounted for 23 per-
cent of OECD member country high-tech product
exports, compared with 18 percent for the United
States and 12 percent for Germany. European
Community manufacturers have been responsible for
47 to SO percent of OECD high-tech exports throughout
the 1980s and early 1990s, although intra-European

foreign market shares are calculated using data on ill ( I I cmintry
exports contained in appendix table 6-4.
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trade figures significantly in this calculation of the
European share of ()F.00 exports.

During the early eighties, nonhigh-tech 1.. indus-
tries, as a group, experienced similar difficulties in for-
eign markets. Throughout the 1981-92 period, Ls. high-
tech industries held about twice the foreign market
share of other t '.s. manufacturing industries.

Industry Comparisons. During the 1980s and into
the next decade. Japan successfully gained foreign mar-
ket share ill live of the six individual high-tech indus-
tries. By 1992, the United States led in only one indus-
tryaircraftwith a 40-percent share of total OECD
exports. Gernlany also led in only one industry in 1992,
holding a 17-percent share of or.00 exports of pharma-
ceuticals. The 1992 data show Japanese industry leading
the industrialized world in exports in the other four high-
tech industries. (See figure 6-8.)

Figure 6-8.
Export market share: 1992
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U.S. Trade Balance
During the 1980s and into the early 1990s. the United

States ran consistent trade deficits, importing more man-
ufactured products than it was able to export. A strong
u.s. dollar during the early eighties led to a rise in import-
ed merchandise while exports remained stagnant. As the
dollar weakened during the late 1980s, u.s. exports
surged, growing at an average rate of nearly 14 percent
per year during the 1985-89 period. U.s. demand for
imports slowed somewhat during this period, allowing

. Vi 193
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for a narrowing of the u.s. trade deficit. The u.s. mer-
chandise trade deficit continued to narrow as the 1990s
began, dropping to a 7-year low in 1991. Only one addi-
tional year of data was available, but it indicates a wors-
ening of the deficit. (See figure 6-9.)

u.s. high-tech exports have traditionally wiershad-
owed u.s. imports of high-tech products. Nevertheless,
trade surpluses began to narrow during the 1980s and
finally, ill 1981, u.s. imports of foreign high-tech prod-
ucts exceeded u.s. high-tech exports.'" The u.s. trade
position in high-tech products improved in 1987 and
1988, but deteriorated quickly as the nineties began.

Ls. trade in nonhigh-tech products produced consis-
tent trade deficits throughout the 12-year period exam-
ined (1981-92). As seen for u.s. trade in high-tech prod-
ucts, u.s. trade in all other products worsened (larger
trade deficits) dirough the early and mid-1980s; it then
improved (narrower deficits) in the latter part of the
decade. Unlike trade in high-tech products, Ls. trade in
other manufactures continued to produce narrower
deficits in 1990 and 1991. By 1992, u.s. trade in nonhigh-
tech products also began to produce a larger trade deficit.

Individual Industry Comparisons. The trend shown
for the composite u.s. high-tech group masks strong per-
formances by several t'.s. high-tech industries. In three
of the six high-tech areas, u.s. industry exports exceed-
ed imports of like products throughout the 12-year peri-
od examined. (See figure 6-10.) The tt.s. aircraft industry
led all other u.s. high-tech industries' trade performance.
p;enerating consistent and widening trade surpluses. The
U.s, scientific instruments industry registered a trade
surplus in 1992 that exceeded any previously recorded
surplus for this industty since 1981. The u.s. pharmaceu-
tical industry has also found receptive markets overseas
and contributed positively to the overall u.s. trade posi-
tion consistently during 1981-92.

The remaining three high-tech areas had very differ-
ent trade experiences. The United States ran a trade
deficit in communications equipment and electrical
machinery; this imbalance grew annually during the
1980s and continued to worsen through 1992. But trade
in computer and office equipment showed the greatest
deficit of all the high-tech areas. From 1981 to 1986, the
United States exported more computer and office equip-
ment than it imported. In 1986, that surplus declined
sharply, priming an eventual turn to escalating deficits in
the United States' computer and office equipment trade.
Throughout the 12-year period examined, the growth in

Trade data (exports and importsi are available on a product-level
basis: production data are not. To conlOrm with the production and trade
data used elsewhere in this chapter, the discussions of trade balances
are based on industry-level data. The industry-level ()E.CD definition of
high-technology trade used here shows more midterm fluctuations and
an earlier trade deficit for u.s high-tech trade than trends portrayed
using certain product-level definitions. See Doc (1983) and Abbott
(1991) for technical discussions of alternative high-tech definitions.

ii

Figure 6-9.
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U.S. exports of computer and office equipment did not
keep pace with U.S. imports. By 1992, this trend pro-
duced a 844 billion trade deficitnearly three times the
size of the U.S. trade surplus in aircraft equipment.

Trade Experience for Major Competitors. Japan
alone among the United States' major competitors saw
its trade in high-tech manufactures produce larger and
larger surpluses during the 1980s and into the early
1990s. Its trade in other manufactures produced stable
surpluses from 1981 to 1987, but then turned to a deficit
position as imports of other products surged, over-
whelming Japan's small but continuing export growth in
these industries. (See figure 6-9.) These diverging
trends once again illustrate Japan's nearly complete
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Figure 6-10.
Trade balances for high-tech industries
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conversion to an economy that has tit.d its future eco-
nomic growth to the technology-intensiNie industries.

Concurrent with the erosion of the P.S. trade position
ill computer and office equipment has been the enter-
gerce of Japan as a global supplier of computer hard_
ware-related products. In fact, the escalating trade stir-
plus generated by Japan's high-tech industries as a
group was largely driven by its computer and office
equipment indusn-y. Of the six industries included in the
high-tech category. hi 1992. Japan had a trade surplus in
four (in order of contribution to its surplus in high-tech
products): computer and office equipment, communica-
lions equipment, electrical machinery, and scientific
instruments. (See figure 6-10.)

The Home Market
A country's home market is often thought of as the

natural destination for its manufactured output. Foi

obvious reasonsincluding proximity to the customer
and common language, customs, and currencymarket-
ing at home i easier than marketing abroad.

But in today's global marketplace. product origin may
only be one factor among many influencing the con-
sumer's choice between competing productsprice,
quality. and product performance will often be more
important factors guiding product selection.] nus. in the
absence of prohibitive trade barriers, the intensity of
competition faced by domestic producers in their home
market can approach, if not equal, the level of competi-
tion faced in foreign markets. Given the large size and
appetite of the t'.s. market, examination of u.s. competi-
tiveness at home is critical to an understanding of the
country's global competitiveness.

import Penetration: High-Tech Markets. The United
States represents the world's largest national market for
high-tech products. During the 1980s, high-tech demand
in the United Statesas well as in the other major indus-
trialized countrieswas increasingly being met by for-
eign suppliers. (See figure 6-11 and appendix table 6-5.)
Imports supplied about 11 percent of the u.s. demand for
high-tech products in 1981: by 1989. this percentage rose
to 26 percent and then to 28 percent by 1992. While u.s.
producers still supply nearly 75 percent share of the large
u.s. home market, these producers often count on supply-
ing the home market in order to achieve the economies of
scale that aid t'.s. competitiveness in foreign markets.

Figure 6-11.
Import penetration of high-tech markets
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Figure 6-12.
Import penetration of six high-tech markets
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'Hie Japanese home market, historically the ino:t self-
reliant of the major industrialized countries, also
increased its purchases of foreign technologies during
the 1980s: this trend continued into the early 1990s. In
1981. imports of high-tech manufactures supplied ti per-
cent of Japanese domestic consumption. rising steadily
to 15 percent by 1989. and to nearly 19 percent by 1992.

Progress toward the creation of a more economically
unified market in Europe has fostered even greater

trade amontz the economies ot the European Com-
munity, the European Free Trade Association.- and
more recently. with Eastern Europe countries.' Many
of the reforms introduced to remove barriers hamper-
ing trade within Europe have -Iso had the effect of
making Europe an even more attractive market to the
rest of the world.; Rapidly rising import penetration
ratios tn the major European economies during the
later part of the 1980s and early 1990s reflect these
changing circumstances and highlight greater trade
activity in European high-tech markets when compared
with product markets for less technology-intensive
manufactures.

lligh import penetration ratios apparent during the
late eighties and early nineties also reflect an
increased trend in Europe toward cross-border produc-
lion of capital and technology-intensive goods. The
number of mergers and ac.quisitions involving
Europe's largest firms rose sharply during the mid- to
late 19805 and were heavily concentrated in Europe's
manufacturing industries lIft 1992, pp. 1-:; to 1-181.
mong Europe's more technology-intensive industries.
a large number of mergers and acquisitions have taken
place in Ole chemical. machine tool, and electronics
industries."

196

Import Penetration: Closer Look at Japanese and
U.S. Home Markets, by Industry. lioth the Ls. and
Japanese domestic markets have become increasingly
internationalized in all high-tech industries. (See figure
li-12.) For example. during the 1980s, of the six high-tech
industries examined, the computer and office equip-
ment industry experienced the greatest rate of increase in
import competition from ',ther industrialized countries,
but especially from Japan.' industry continues to
dominate its home market for aircraft and pharmaceutical
products.

During the 1980s, foreign suppliers gained a larger
presence in several of Japan's high-tech markets.
Foreign suppliers of aircraft and related products have
traditionally been very successful in selling in Japan: that
success was replicated in several other high-tech mar-
kets, especially after 1985. Imports increasingly supplied
an expanded demand for computers and office equip-
ment and scientific instruments in Japan. Ls. manufac-
turers of these high-tech products were particularly suc-
cest.ful: u.s, manufacturers of computer and office
equipment and of scientific instruments have not simply
increased their market share in apan. but have also

l'hc Eunifican Free Trade Association is composed ol .\ustria.
Finland. IceLmd. Norway. Sweden, Switzerland. and Liechtenstein.

Trends in Lurope,m trade an. presented in tie (1992).
Efforts have been tnade to increase -harmonization- of national

laws on intellectual property. customs controls, and rules governing
product standards. testing, and testing procedures.

'For a discussion ot international to.t) alliances. see chapter I.
Information on the source of imports is derived from pmdoct-level

trade data
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continued to dwarf the market share gains made by sup-
pliers from all other major industrialized countries.'"

Royalties and Fees Generated From
Intellectual Property

The United States has traditionally maintained a large
surplus in international trade of intellectual property.
Trade in intellectual property includes the licensing and
franchising of proprietary technologies, trademarks, and
entertainment products. These transactions generate net
revenues for u.s. firms in the form of royalties and licens-
ing fees.

U.S. Royalties and Fees From All Transactions.
t.s. receipts from all trade in intellectual properties

'This information on Japan's source of imported computers and
office equipment. scientific instruments. and other high-tech products
is extracted from ()Ku Trade Series C data processed b,. too;

under contract to the National Science Foundation.

Figure 6-13.
Royalties and fees: U.S. trade balance
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approached 818 billion in 1991, nearly double u.s. firm
receipts recorded just 5 years earlier. (See appendix
table 6-6.) During the period 1987-91. (..s. firms'
receipts were generally four to five times as large as
Ls. payments to foreign firms for intellectual property.
Most (about 75 percent) of these latter transactions
involved exchanges of intellectual property between
u.s. firms and their foreign affiliates. (See figure 6-13.)
Exchanges of intellectual property between affiliates
allow for a much higher level of control to the leasing
firm. "Fhe frequency of such exchanges between related
parties is growing faster than those between unaffiliat-
ed firms, suggelting greater internationalization of u.s.
business.

U.S. Royalties and Fees From Trade in Tech-
nical Knowledge. Data on royalties and fees can be
disaggregated to illuminate trends in technical knowl-
edge. Receipts and payments for patents and technical
knowledge are an indicator of firms technological
prowess. Transactions among unaffiliated firmswhere
prices are set through a market-related bargaining pro-
cesstend to reflect the exchange of technology and its
market value at a given point in time. Unaffiliated transac-
tions are generally subject to less owner control than
transactions between affiliates. Therefore, examining the
record of the resulting receipts and payments provides an
indicator of the production and diffusion of technical
knowledge.

The United States is a net exporter of technology sold
as intellectual property. Royalties and fees received
from foreign firms have been, on average, three times
that paid out to foreigners by u.s. firms for access to
their technology. t'.s. receipts from such technology
sales totaled 82.6 billion in 1991. up from 81.7 bilkon in
1987. (See figure (i-1,1 and appendix table 6-7.)

Jap.m is the largest consumer of u.s. technology sold
in this manner. In 1991, Japan accounted for 47 percent
of all such Ls. receipts, while the Western European
countries (i.e.. the European Community) together rep-
resented 18 percent. South Korea increased its purchas-
es of U.S. technological know-how sharply during the 5
years for which data are available. It became the second
largest consumer of u.s. industrial processes with a 9-
percent share in 1991, up from just. a 2-percent share in
1987.

To a large extent, the U.S. surplus in the exchange of
intellectual property is driven by trade with Japan and the
newly industrialized Asian economies. In 1991, U.S.
receipts (exports) from technology licensing transactions
were 11 times u.s. firm payments (imports) to Japan. On
the other hand, the U.S. trade surplus with Europe in
sales of technological know-how declined over the past 5
years (1987 to 1991). Germany represented the largest
European trading partner in these transactions; more-
over, it was the only country in the world with which the
United States had a persistent technical knowledge trade
deficit.
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International Trends in Industrial R&D'
The industrial sector is the main source of the new

technologies and products that aid national economic
competitiveness. In high-wage countries like the United
States, industries stay competitive in a global market-
place through innovation. Innovation can lead to better
production processes and better performing products
(i.e.. more durable, more economical. etc.): it can there-
by provide the competitive advantage high-wage coun-
tries require when competieg with low-wage countries.

Research and development activities provide an incubator
for new ideas that lead to new processes, productsand
even new industries. While not the only source of new inno-
vations, R&D activities conducted in industry-run laborato-
ries and facilities are associated with many of the important
new ideas that have helped shape modern technology.'8 U.S.
industries that traditionally conduct large amounts of R&D
have met with gt-eater success in foreign markets than less
R&D-intensive industries and have been more supportive of
higher wages for their employees.'"

This section examines R&D trends using a database
developed at oEcD. It describes trends in all industrial
R&D performed from 1973 through 1990, regardless of
the source of its funding.-'" The discussion begins with a
comparison of overall trends in industrial R&D activity.
This analysis is followed by a discussion of trends in the
top R&D-performing manufacturing industries in the
United States and in those of our two major competitors
in the global marketplace. Japan and Germany.

Overall Trends
The United States has long led the industrialized

world in the performance of industrial R&D. Over the
past two decades, however. v.s. (lominance has been
challenged. The share of total industrial R&D per-
formed by the ()ELI) countries fell between 1973 and
1990. (See figure (-15.) Despite this decline, the United

Data from 1 l'u's structural Analysis Database for Industrial
Analysis. Analytical Business Enterprise R&D file (-4:1N/A5BERD) are
used to examine trends in total industrial it&I,..rhis database tracks all
R&D expenditure's (both defense- and nondetense-related) cat-ried out
in the industrial sector regardless of funding source. For an examina-
tion of e.s. industrial mti by funding source. see chapter 4.

'While an important indicator of innovative activity, there is ample
evidence that suggests that many new ideas and technological
improvements are being developed outside of the R&D "lab." In order
to develop better indicators of innovation activities, the National
Science Foundation is preparing to conduct a national survey of inno-
vation activities in t.s. indostiy. This new survey initiative has evolved
after many years of empirical study both in the United States and in
Europe. The new Ls. survey has been constructed in collaboration
with other ()Kt; members and the results will provide a better under-
standing of the innovation process in the United States and in other
major industrialized countries.

'See 'Tlw Global Markets for U.S. Technology" for a presentation
of recent trends in Ls. competitiven('ss in foreign and domestic prod-
uct markets.

These data are not categorized by type of it&I) performed (i.e.,
basic. aprlied, or development). Both defense- and nondelense-relaied
R&D conducted in the industrial sector are included in these data.

Figure 6-14.
U.S. royalties and fees generated from the exchange
of industrial processes between unaffiliated
companies: 1991
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States remains the leading performer of industrial R&D
by a wide margin, even surpassing the combined R&D of
the 12-nation European Community.

Japan underscored its belief in the economic benefits
of investments in R&D by following a high R&D growth
path that led to a near doubling of its share of total OECD
R&D during the period examined. Germany, the third
leading performer of industrial R&D, also closed the gap
between itself and the United States, but only slightly
when compared to Japan. Italy and Canada were the only
other two countries that showed somewhat higher than
average growth in industrial R&D between 1973 and
1990: the United Kingdom and France join the United
States in below average growth.2'

R&D Performance by Manufacturing Industries

The United States, Japan, and Germany represent the
three largest economies of the industrialized world and
compete head to head in many manufacturing industries.
An analysis of R&D data provides some explanation for

International comparisons of total industrial R&D are calculated in
terms of purchasing power parity (tw) dollars and growth rates are based
on 1985 constant prices. For more information on PPPs, see chapter 4,

1°8_1. Li
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past national success in cer'ain of these industries imd
can also signal shins in natio:rai technology priorities.-2

Wm) performance (spending) by eight manufacturing
industries is examinedaircraft, computer and office
equipment, communications equipment. pharmaceuti-
cals, instruments, scientific instruments, motor vehicles.
chemicals, and electrical machinery. These eight indus-
tries include ail the top performers of industrial Itm) in
the United States. Japan, and Germany. They also hap-
pen to have the highest "R&D intensity" among manufac-
turing industries in the ol.:CD countries as a group.'

'Industry-level data are occasionally estimated in order to provide a
cotnplete time series the 1973-90 period.

-Only six industries .Aere included in the high-tech group discussed
earlier with regard to !-.1arket competitiveness. For the group of ()kip
countries. ix i;,. ...obstantially higher 1:.\ P intensities (MP as a
,Thare of total output , .:tan did the motor vehicle industry and the
chemicals industry 'herelore were not included in ()LCD's group 01
high-tech industries. "OECD iigh-Tech Industries" for individual
industry
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The United States. R&D performance in Ls. manufac-
turing industries followed a pattern of rapid growth dur-
ing the 1970s. rising an average of 11 percent per year
between 1973 and 1980 (2.7 percent per year in 1985
constant prices). This growth pattern accelerated during
the early eighties, before slowing down considerably
during the latter part of the decade. The eight industries
account for over 80 percent of total industrial lm0 per-
formed in the United States: they therefore (lrive Ml)
trends in the U.s. industrial sector.

"Me u.s. aircraft and communications equipment indus-
tries have consistently been the largest performers of
R&D. (See figure (3-16 and appendix table 6-8.) Comparing
R&D performance in 1973 and 1990, shows some shifting
in R&D emphasis among the top live industry performers.
Although the aircraft and communications equipment
industries retain their top positions as the leading R&I)
performers in the United States, R&D growth in the motor
vehicle and electrical machinery industries did not keep
pace with that in the computer and office equipment
industry (luring the period examined. Consequently, by

Figure 6-15.
Shares of total industrial R&D performed in OECD countries
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Figure 6-16.
U.S. industrial R&D performance
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1990, the computer and office equipment industry
became the third leading r&d performer in the United
States. (See figure 6-16.)

Japan. Since 1973, R&D performance in Japanese manu-
facturing industries grew at a higher annual rate than in
the United States, and faster than all other industrialized
countries since 1980. Japanese industry continued to
expand its R&D spending rapidly through 1985. more
than doubling the annualized rate of growth seen during
the 1970s. Japanese industrial R&D spending slowed
somewhat during the second half of the 1980s. but still
led all other industrialized nations in terms of average
growth in industrial R&D.

The eight industries examined here together accounted
for between 66 and 72 percent of total industrial R&D per-
formed in Japan during the 1973-90 period, compared with
over 82 to 88 percent in the United States. This suggests a
wider role for R&D in Japan's industrial sector (outside the
eight industries examined) than seen in the United States.

An examination of the top five R&D-performing indus-
tries in Japan reflects that country's long emphasis on corm

munications technology (including consumer electronics,
high-definition 1Y. and all types of audio equipment). This
industry was the leading performer of R&D throughout the
period reviewed. Japan's motor vehicle industry was the
third leading 1?&D performer in 1973, but rose to number
two in 1980 and remained at that level through 1990. (See
figure 6-17 and appendix table 6-9.) Japanese automobiles
earned a reputation for high quality and economy during
these years, which earned Japanese auto makers larger
and larger shares of the global car market.

Electrical machinery producers also are among the
largest R&D performers in Japan and have maintained
high MI) growth throughout the period examined. By
contrast, the t'.s. electrical machinery lndustry saw its
ranking among the top U.S. R&D producers in the United
States decline since 1973. Japan's industry, on the other
hand, moved up to become that country's third leading
R&I r-performing industry in 1990.

Another Japanese industry that has become a more
important R&D performer is the computer and office equip-
ment industry. Japan's computer and office equipment
industry did not rank among the top live R&D performers
until 1984. But rapid R&D growth during the late seventies
and throughout the eighties moved this industry ahead of

Figure 6-17.
Japan's industrial R&D performance
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Japan's pharmaceutical industry: the industry has main-
tained this position through 1990. (See figure (i -17.)

Germany. During the 1970s (1971-80), German industry
led the indusnialized world in Mo gn)wth (when calculated

consumt purchasing pow('r parities). I )uring the 1980s,

while much of the industrialized world tended to focus even
more resources on industrial MO, German industrial imp
growth slowed down. In fact. German m0 grew even slow-
er during the second half of the decade than it did during
the already sluggish grmt h. period of the early 1980s.

Total German industry H&D appears to be somewhat
less concentrated anmng the eight industries examined
than in the United States, but more so than in Japan. "Ilie
stine five industries have led German industry in tm0 per-
formance. (See figure 6-18 and appendix table 6-10.) From
1973 to 1985, the German chemical industry led all other
German industries in total R&D performed. The communi-
cations equipment industry was the second leading per-
former during this time. In 1986, the German communica-
tions equipment industry became its number one tt& 0-per-
forming industry. even surpassing Germany's chemical
industry (a traditional strong R&D performer in Germany)

Figure 6-18.
Germany's industrial R&D performance
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and has retained that position thmugh 1990,
An examination of those ether industries that were among

the top five ml) performers in Germany mirrors that
c(mntry's cotnmercial pronnnence as a supplier of world-
class nmchinery and motor vehicles. During the second
half of the 1980s, the German computer and office equip-
ment industry and its pharmaceutical industry have
shown the most rapid It& I t growth among the eight indus-
tries.'' (See 6-18.)

Patented Inventions-
One ot the important. benefits of MD is a stream of new

technical inventions that may ill ttn-ri be embodied in
innovationsi.e., in new or improved products, process-
es, and services. Inventors can obtain government-sanc-
tioned property rights by applying for patents. Such
pat ..s are issutql by authorized governmcnt agl,nci(-: for
invet..ions judged to be new. useful, and nonobvious.

Patent data provide useful indicators for measuring
technical change and inventive input and output over
time (see Griliches 1990). Further, I .s. patenting by for-
eign inventors enables measurement of the levels of
invention in those foreign countries (Pavitt 1985) and can
serve as a leading indicator of new u.chnological
don (Famt 1984).': Patent statistics trends can therefore
serve as an indicatoralbeit one with certain limita-
tionsof national inventive activities.''

This section describes broad trends of patent activity
in the United States over time, by field, and by industry
by both v.s. and foreign inventors. It discusses patenting
trends in foreign countries and presents new data on
international patenting it-ends in "critical" technologies.

Granted Patents by Owner
Patents Granted to Americans.-" Over the past 15

years, the number of patents awarded to American inventors

'imp performance by European Coinftlft [lily manufacturers is pre-
sented in appendix table 6-11.

Although the c.s. Patent and Trademark Office grants several
types of patents (e.g., design patents), this discussion is limited to utili-
ty patents, which are commonly known as "patents for inventions.-

' A patent grant allows an ioventor to exclude others p.,,n making.
using, or selling that invention, :see Patent and Trad(mark Office (1050).

'-Corporations account for thout 50 percent (it ail foreign-owned
t .5, patents.

'Patenting indicators have softie w(11-known drawbacks. including
the following:

Incompletenessmany inventions are not patented at all, in part
!weans(' laws in some Names already Kiwi& for the protection of
industrial trade secrets.
Inconsistency amss indushif sindustrit's vary considerably la their
propensny to patent inventions: consequently, it is not advisable to
c(nnpare patenting rates between different technologies or industries.
Inconsistency in qualitytilt' illVelftions patented en vary consid-
erably in quality. (Patent citation rates. discussed on p. 178, are
one method for (Iealing wnh Otis question of varying quality.)

Despite these and other limitations, patents provide a unique and
conveniem source of information On inventive activities.

'The u.s. Patent and Trademark Office grants patents to both U.s. and
foreign inventors. Patent origin is deternfined by the residence at the
time of grant of the first-named inventor as specified on the face of the
patent. Patents "granted to Americans- are actually Is:, origin patents.

201
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Figure 6-19.
U.S. patents granted, by nationality of inventor
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has followed two different trends. From 1978 through 1983.
the nunther of patents granted to Americans declined irreg-
ularly.' Since 1983, the number of patents granted to
Americans picked up, and has remained on t general
upward trend. In 1991. the latest year for which statistics
are available, L.s. origin patenting registered a new high
when nearly 51,000 pan.fits %Yere granted to t resident
inventors. Foreign patenting in the United States also

otal reached new highs in the post-recession period (1983-91)
and grew at a quicker rate than did Ls. domestic patent-
ing-8.2 versus 5.6 percent per year." (See figure 6 19 and
appendix table 6-12.)

Patents granted to American inventors can be further
analyzed by patent ownership at the time of grant. Inven-
tors who work for private companies or for the Federal
Government commonly assign ownership of their
patents to their employer: self-employed inventors usual-To U S inventors/
ly retain ownership of their patents. "Ile owner's sector
of employment is thus a good indication of the sector in.
which the inventive work was done. In 1991, 71 percent
of granted patents were owned by corporations. (See
figure 6-20.) This percentage has not changed signifi-
cantly over the years.."

Individuals are the next largest group of I s. origin
imtent owners. Prior to 1978, individuals owned a quarter
of all patents granted." Their share rose to 27 percent in
1980 and was 26 percent in 1991. The federal share of

1983 1988 1991 patents averaged 3.5 percent of total during the period
1963-77: thereafter, V.s. Government-owned patents as a
share of total Ls. origin patents has declined.' Finally,
only about 1 percent of patents granted to American inven-
tors are owned by foreign corporations or governments.

In 1991, the number of patents granted in the Vnited
States nise nearly 8 percent. inv(Inors received 51
percent of the r.s. patents granted that year. representing
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The number of patents granted to all ciAintries dipped in 1979 because
the Patent Office could not anOrd to print all the patents apiwoved that year.

'Both u.s. and foreign patenting declined trom 19-,7 to 1988, lids
decline. one 01 many oscillations that appear in patenting data bY Year
ot patent grant, may be due to the esiiecially low number in patents
awarded in 1986 because 01 budget restrictions at the Patent Office.
This development, in turn, led to an unusually high number ot patent
grants ill 1987 as patents were carried over into that year. Also, ittilili
patent applications dropped in 1983. Since it can take 2 to 3 years
before a successful application man..res into a patent. this drop may
also have contributed to the low namber 01 patent grants in 1986.

*About 2.6 percent of patents granted to Atnericans in 1991 were
owned by t'.s. universities and colleges. The Patent Office counts these
as being owned by corporations. For further discussion of academic
patenting, see chapter Pa tents Awarded to IS. Universities"

Between 1978 and 1991, corporate-owned patents accounted for
between 69 and 73 percent of total American-owned patents.

'Prior to 1978. data are provided as a total for the period 1963-77.
Federal inventors frequently obtain a statutory invention registra-

tion (slit) rather than a patent. An SIR is not ordinarily subject to exami-
nation and costs less to obtain than a patent. Also, an fIR gives the
holder the right to use the invention. but does not prevent others from
selling or using the invention as well.

Part of this increase may be attributed to the ongoing efforts by the
Patent Office to reduce "pendency." the 'ne between receipt 01 a
patent application and compkqion of its pror
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a small increase ill share of v.s, patents awarded to
Americans. Before 1989. foreigner inventors were
patenting in the United States at a faster pace than t s.
resident inventors. That trend stalled ie 1989 and 1990,
and was reversed in 1991 as American inventors' Ls.
patent SUCCVSS outpaced that of foreign inventors.

The number of patents awarded to Atnericans in 1991
represented the first upturn in t..s. share of granted
tiatents since 1977. '11w increase in r.s. share is a reflec-
tion of the successes of individual inventors and of a rise
in r,s. Government-owned patents. Increased patent
activity by government agencies was encouraged by leg-
islation enacted during the 1980s which called for Ls.
agencies to establish new programs and increase
ives to its scientists, engineers, and technicians in order

to improve the transfer of technology developed in the
course of government activities.'.

Patents Granted to Foreign inventors. Foreign-
owned patents represent nearly half (.17 percent in 1991)
of all patents granted in the United States. Moreover, the
number of r.s. patents granted to foreign inventors
increased in 1991, although the increase was smaller than
that reported for those with t'.s. origin la 5.3-percent
increase versus 7.(i percent). In 1991, foreign corporations
owned nearly 82 percent of the for;ign-origin LS. patents,
individuals owned 11 percent, and foreign governments
owned just 1 percent. Since 1978, corporate ownership of
foreign-origin Ls. patents has grown in importance as the
share owned by individuals has declined.

Foreign patenting in the United States is highly concen-
trated by country of origin. In 1991, just live countries
Japan, Germany, Great Britain, France. and Canada
accounted for 80 percent of Ls, patents granted with for-
eign origin. (See figure 6-19.) The numbers of patents
granted to inventors from these countries have generally
increased. Of these five countries, only the Japanese
share grew over the past 11 years. "this growth, however,
lias been drarnatic, with Japanese inventors receiving 22
percent of all L.S. patents in 1991 and 46 percent of all v.s.
patents with foreign origin. In 1978, these shares were
under 11 percent and 28 pet-cent, respectively.

Patent shares accounted for by in,,entors from the top
three European countries generaily declined over the
past 1.1 years: German inventors were granted 24 per-
cent of t'.s. patents with foreign origin in 1978; this share
fell to 17 percent in 1991. The British share fell the most

-The Stevenson-Wydler Technology Innovation Act of 1980 made
the transfer of federally owned or originated technology to state and
local governments, and to the private sector, a national policy and the
duty of each government laboratory. The act was amended by the
Federal Technology Transfer Act of 1986 to provide additional incen-
tives for the transfer and commercialization of federally developed
technologies. Later, Executive Order 12591 of April 1987 ordered exec-
utive departments and agencies to encourage and facilitz:te collabora-
tion among federal laboratories, state and local governments, universi-
ties, and the private sectorparticularly small businessin order to
aid technology transfer to the marketplace.

Figure 6-20.
U.S. patents granted, by sector of owner
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among the top three European countries, dropping from
11 percent in 1978 to 6 rrcent in 1991. Canadian inven-
tors' share of u.s, patents granted declined in the late
seventies and early eighties before showing evidence of
reversing this trend in 1987 with small gains made in
1989 and 1991.

Comparing foreign patenting growth rates in the
United States in the wake of the 1980s recession
reveals the expanding roles of Japan and Europe as
technology competitors and also identifies several
other countries with a demonstrated capacity to gener-
ate new technologies. During the 1983-91 period, the
average patenting growth rate was 8.2 percent per
year among inventors from all foreign countries.
Countries whose inventors demonstrated above aver-
age patent activity in the United States and also claimed
over 100 patents in 1991 were

South Korea, 40.8 percent growth in patents per
year (401 1.s, patents granted in 1991);

Taiwan, 38.8 percent per year (898 patents):

Spain, 15.0 percent per year (153 patents);

Israel, 13.7 percent per year (305 patents):

Japan, 11.4 percent per year (20,916 patents):

Finland, 9.3 percent per year (328 patents): and

Canada, 9.2 percent per year (2.030 patents).

203
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I hiring this same tieriod, several Other countries' inven-
tors showed above average patent activity in the United
States. These inclu(ied

Hong Kong, 1 7.1) percent per year ( palems
granted in 1 9'.11):

Brazil, 15.5 percent per year (6()); and

Ireland, 1,-01 percent per y('ar (55 )atents).

.1 he patenthw growth rate for the United Slates during
this time was 5.6 percen, per year (5(1,895 patents).

Patents by Patent Office Classes."
A country's distribution of ptents by technical area pro-

vides a key to understanding that country's contribution
to important fields of technolog-y. 'hills section compares
and discusses the various key technical fiekls favored by
inventors wont various countries ill their t patenting.

Fields Favored by U.S.. Japanese, and German
Inventors, Mint' patent aetiritY sPalts a verY wide spiv-
trum of technology and new product areas. t'.S. corpora-
tions' patenting also shows a particular emphasis on several
of the teclumlot.,,y areas that are expected to play an
taut l'Oie in future national economic growth (National
Critical Technologies Pan('l 1993). In 1991, t.. inventors
were granted patents on invtntion S '1 .lated to high-perfor-
mance computing, telecommunications, ekTtricity trans-
mission, devices for the tnanufacture of semiconductors,
and superconductor technology. I'.s. patent activity ako
reflects this country's natural resource endowment and the
economic innmrtance gained from more effective extrac-
tion and use of these resources. The strength of L.s.
chemical and biomedical industries is evident frml the
large number 01 patents assigned to t.!-,. corporations in
these areas. (See text table 6- 1 and appendix tabk (i-13.)

Japanese patenting in the United States appears to lOcus on
technologies and products related to several commercially

Note that, despite me dramatic recent increase in patent activity by
the newly industrialized economies of East Asiaparticularly Taiwan
and south koreath,se countries. as a group, accounted lor just 1.1
tierccnt ol all t..s.tmtents granted in 1901 mid under :1 percent of I .s.

patents granted to ton am inventors.
'Information in this section is based on the Patent and Trademark

t Mice's classification stem which divides patents into appmximately
170 active classes. I sing this system. patent activity for r.s. and lor-
eign inventors in recent year,: call he compared by develoPint; nil actir-
ay index. Tin., index measures a country's patenting activity within a
given class. For any year. the activity index is the proportion ot
patents in a Particular %/ass granted to inventors in a specific country
divided by the proportion of all patents granted to inventors in that
ciaintry.

Because t .s. patenting data reflect a much larger share of patenting
by individuals without c.irporaw or government affiliation titan do data
on foreign patenting. .nly patents granted to corporations are used to
construct the I .s. patenting activity indexes.

Research on the histm-y of t .s. innovation tAbramovitz 1986 and,
more recently. Mcmcry and Rosenberg 19031 also finds natural
resource endowments to have a strong influence On 3 country's pattern
of innovation.
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important industries, Ilte 1,,19 1 patent data show Japanese
inventors emphasizing those technology classes tssociat-
ed with the motor vehicle, photography, and photocopy-
ing industries, (See text table 6-1 and appendix table (i-
I I.) But also increasingly evident is the wider range of
r.s. patents awarded to Japanese inventors in informa-
tion technology. From improved information storage
technology for computers to improved optic systems,
Japanese inventions are earning patents in areas that
will facilitate the expansion, storage, and transmission of
information,

German inventors continue to develop new products
and processes ill technology areas associated with the
heavy manufacturing industries in which Germany has
traditionally maintained a large preserce. The 1 991
patent, activity index shows German emphasis on the
printing, chemicals, steel, motor vehicle, and power gen-
eration-related patent classes. (See text table 6-1 and
a)pendix table 6-1 5.) But, like the Japanese. Gerimul
inventors have not ignored the new technology areas
that may dictate an expansion of its industrial sector's
future competitiveness. Germany's 1.5. patenting activity
also indicates that its inventors are dev(loping new prod-
ucts and processes that would fall within biotechnology
111(1 optoelectronic technology areas.

Fields Favored by Other Major Industrialized
Countries. 1.ike the United States, Canada is a large,
resource-rich country: Its patent activity in the United
States reflects these national characteristics. Canadian
inventions patented ii1 the United States are 110 doubt
influenced by the need to find better ways to extract its
oil and minerals and the need for better telecommunica-
tions across its vast land area. (See text table 6-2 and
appen(lix table 6-16.) Also, its proximity to the United
States and close ties with l'.s. industry are evidenc v

the similar concentrations of patent activity for the two
countries.

French patent activity in the United States emphasizes
nuclear technology and communications. (See text table
6-2 and appen(Iix table 6-1 7.) The French also show
high activity in biotechnology fieldsan area in which
the French already provide considerable competition for
Ls. biotech firms.

The British are also quite active in the biotechnology
patent classes and communication technologies: they
share the U.S. emphasis on aeronautics as well, (See text
table 6-2 and appendix table 6-18.) Like the Germans,
the British do not patent much in the United States in
semiconductor manufacturing, nor do they particularly
patent in areas of Japanese emphasis, such as dynamic
information storage and retrieval and photography.

Fields Favored by Newly Industrialized Economies.
Patent activity by NIES in the United States can be seen
as an indicator of these economies' technological devel-
opment and as a leading indicator of those product mar-
kets likely to see increased competition.
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Text table 6-1
Top 15 most emphasized U.S. patent classes for inventors from the United States, Japan, and Germany

175

United States Japan Germany

1. Mineral oils: processes and products
2. Chemistry, hydrocarbons
3. Wells
4. Chemistry-analytical & immunological testing

5. Food or edib'e material: processes, compositions
and products

6. Superconductor technology-apparatus, material.
process

7. Error detection/correction & fault detection/
recovery

8. Amplifiers
9. Chemistry: molecular biology and microbiology

10. Drug, bio-affecting & body treating compositions

11. Chemistry. lignins or reaction products thereof
12. Synnetic resins or natural rubber2
13. Compositions
14. Electrical transmission or interconnection systems
15. Electricity, conductors and insulators

Dynamic information storage or retrieval
Photography
Photocopying
Dynamic magnetic information storage
or retrieval
Typewriting machines

Radiation imagery chemistry-process,
composition or products
Recorders

Pictorial communication: television
Static information storage and retrieval
Active solid state devices, e.g.,
transistors, solid state diodes
Sewing
Music
Motor vehicles
Internal-combustion engines
Image analysis

Printing
Chemistry, fertilizers
Organic compounds'
Organic compounds'

Organic compounds'

Ammunition and explosives

Bearing or guides

Winding and reeling
Brakes
Compositions, coating or plastic

Synthetic resins or natural rubber2
Internal-combustion engines
Typewriting machines
C'-iemistry, inorganic
Synthetic resins or natural rubber'

'Part of the class 532-570 series.

,Part of the class 520 series

See appendix tables 6-13.6-14. and 6-15. Science & Engineering Indicators - 1993.

Text table 6-2.
Top 15 most emphasized U.S. patent classes for inventors from Canada, France, and Great Britain

Canada France Great Britain

1. Metallurgy

2. Chemistry, inorganic
3. Electricity, conductors and insulators
4. Plastic article or earthenware shaping or

treating
5. Multiplex communications
6. Chemistry-analytical & immunological testing

7. Telephonic communications
8. Static structures, e.g., buildings
9. Supports

10. Mineral oils: processes and products

11. Apparel
12. Wells
13. Chemistry, electrical current producing

apparatus. product and process
14. Material or article handling
15. Cleaning and liquid contact with solids

Induced nuclear reaction, syste7Ms
& elements
Wave transmission lines & networks
Brakes
Organic compounds'

Organic compounds'
Communications, directive radio wave
systems & devices
X-ray or gamma ray systems or devices
Glass manufacturing
Pipe joints or couplings

Communication, electrical: acoustic wave
systems & devices
Organic compounds'
Chemistry, inorganic
Registers

Electricity, circuit makers and breakers
Aeronautics

Drug, bio-affecting & body treating
compositions
Joints and connections
Chemistry, fertilizers
Metal fusion bonding

Optical waveguides
Aeronautics

Organic compounds'
Pulse or digital communications
Drug, bio-affecting & body treating
compositions
Wells

Brakes
Conveyors. power-driven
Glass manufacturing

Compositions
Communications, directive radio
wave systems & devices

'Parl of the class 532-570 senes.

See appendix tables 6-16.6-17, and 6-18.

Taiwan illustrates the movement of N Es toward new
technology development and improvement of previously
established technologies. (See text table 6-3 and appendix
table 6-19.) As recently as 1980, Taiwanese patent activity
in the United States was predominantly in the area of toys
and other amusement devices. By 1991, Taiwan was

Science & Engineering Indicators 1993.

active in more highly technical classes. gaining v.s.
patents in such areas as communications technology,
semiconductor manufacturing processes, and internal
combustion engines. (See NSIt 1991, chapter 6.) The latest
data now show that inventors from Taiwan have added
superconductor technology to their list of patent classes.

205



176 Chapter 6 Technology Development ano Competitiveness

Text table 6-3.
Top 15 most emphasized U.S. patent classes for inventors from Taiwan and Korea

Taiwan Korea

1. Locks
2. Superconductor technology: apparatus, material, process
3. Closure fasteners
4. Metallurgy
5. Amusement and exercising devices
6. Semiconductor device manufacturing process
7. Electricity, conductors & insulators
8. Electricity, circuit makers & breakers
9. Error detection/correction & fault detection/recovery

10. Electrical connectors
11. Brushing, scrubbing & general cleaning
12. Metal deforming
13. Illumination
14. Teiephonic communications
15. Pumps

Electric lamp & discharge devices
Semiconductor device manufacturing process
Static information storage & retneval
Telephonic communications
Pictorial communication; television
Electrical transmission or interconnection systems
Dynamic magnetic information storage or retrieval
Pulse or digital communications
Electric heating
Gas separation
Registers
Joints and connections
Multiplex communications
Electric lamp and discharge devices, systems
Active solid state devices, e.g., transistors, solid state diodes

See appendix tables 6-19 and 6-20.

patenting by South Korean inventors is heavily con-
centrated in the patent classes that include electrical prod-
ucts and electronic component. technologies. (See text
table 6-3 and appendix table 6-20.) South Korea is also

Figure 6-21.
Share of total patents awarded to nonresident inventors
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Science & Engineering Indicators 1993

very active in such commercially significant technologies
as semiconductor devices and computer peripheral equip-
ment. In fact, South Kore- is already a major supplier of
computers and periphera to the United States, and these

Italy Canada Mexico Brazil

NOTE: German data are for the former West Germany only.

See appendix tables 6-12 and 6-21.
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patent autivity data show that the country's inventors may
be developing the improvements that will support South
Korea's future competitiveness in these technologies."

Patenting Outsiae the United States
In most parts of the world, foreign inventors account for

a much larger share of total patent activity than is the case
in the United States. When foreign patent activity in the
United States is compared with that in 1 I other important
countries during the years 1985 through 1990, only the
former Soviet Unionwith under 2 percent of its patents
awarded to foreign inventorsand Japanwith around 15
percenthad less foreign patent activity. (See figure (3-21
and appendix table 6-21.) The long pendency period (6 to
7 years) in Japan and Japanese industry's practice of filing

large numbers of applications claiming minor technical
improvements to rival patentees' core technology tend to
discourage foreign patenting (GAO 1993).

What is often obscured by the rising trends in foreign-
origin patents in the United States is the success and
widespread activity of Ls. inventors in patenting their
inventions around the world. u.s. inventors lead all other
foreign inventors not just in countries neighboring the
United States (Canada and Mexico) or in those as close cul-

turally as Great Britain. but also in Japan. Brazil. and India.

(See fil.,Ture 6-22 ) Two of the United States' major competi-

tors show similar global patenting activity. Japanese inven-
tors edge out Americans in Germany and dominate foreign
patenting in South Korea. ,ierman inventors lead all foreign
inventors in France and the former Soviet Union: they are
also quite active in all of the other countries examined.

International Patenting Trends for Three
Important TechnologiesL

"Fliis section explores the relative strength of America's
technological position by examining international patenting
patterns in the critical technologies of advanced manufactur-

ing, biotechnology, and information technology." To facili-

tate patent search and analysis, these broad technology
areas were each represented by a narrower subfield: robot

"South Korea was the fifth la. ,est foreign supplier of computers and

peripherals to the United States in 1989. See ITA 11991). p. 28-2.
I:Data in this section are drawn from a database containing patent

records from 33 major patenting countries, which facilitates a more
comprehensive assessment of the u.s. technological position vis-a-vis

other national competitors. These data were developed under contract
tor the National Science Foundation by Nlogee Research & Analysis

Associates: they were extracted from th,. rld Patents Index
database published by Dement Publications,

"The technolmw areas selected for this study met several criteria:
Each appeared on the lists of critical technologies considered
important to future Ls. economic competitiveness or national
security. (See Mogee 1991.)
Each is characterized by the output of patentable products or
processes.
Each could be defined sufficiently to permit construction of
accurate patent search strategies.
Each yielded a sufficient population for statistical analysis.
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technology was used as a proxy for advanced manufactur-
ing, genetic engineering (recombinant DNA---RDNAtech-
niques) was used for biotechnology, and optical fibers were
used to represent patent activity in information technology."
To ensure maximum comparability of data, the unit of analy-
sis used in this discussion is built around the concept of a
"patent family'L-i.e., all the patent documents published in
different countries associated with a single invention. (See
"International Patent Families as a Basis of Comparison.")

In this section, three indicators are used to compare
national positions in each critical technology.

"Mese .ubfields were identified based on a review of recent critical
technologies reports and extensive consultation with National Science
Foundation staff and experts in the technologies to determine repre-
sentative sublields.

Figure 6-22.
Patents granted to nonresident inventors,
by granting country: 1990
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NOTE: German data are for the former West Germany only.

See appendix table 6-21. Science& Engineering Indicators - 1993
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International Patent Families as a Basis of Comparison

A patent family consists of all the patent docu-
ments published in different countries associated
with a single invention. The first application filed
anywhere in the world is the priority application: it is
assumed that the country in which the priority appli-
cation was tiled is the country in which the invention
was developed. Similarly, the priority year is the year
in which the priority application was tiled. The basic
patent is the first patent or patent application pub-
lished in any of the 33 countries covered in the
database usfd in this section. This database, the

World Patents Index Latest, covers basic patents
published from 1981 to the present.

Counts of patent families over time as an indicator of
technological activity are skewed by those countries
with national patent systems that encourage large
numbers of patent applications (e.g., Japan). To ellini-
nate this bias wherever possible, international patent
families are used as a basis of comparison. An interna-
tional patent family is created when patent protection
is sought in at least one other country besides the one
in which the earliest priority application was filed.

Trends in international inventive activity:-Fhis indica-
tor provides a tirst measure of the extent and growth
of each nation's inventive activity importam enough to
be patented outside 01 the cinInti of origin. These
data are tabulated by priority yetr. ISee "International
Patent Families as a Basis of (_omparison" for defini-
tion.) Since 18 months usually separate the patent til-
ing date front the date of publication, available data
may be incomploe prior to 1980 and after 1990: there-
fore. the period exant.med is 1980 to 1990.1.

Highly cited inventions: Interpatent citations are an
accepted method 01 gauging the technological value
or significance of different patents.'" These citations.
provided by the patent examiner usually on the front
page of a patent document. indicate the "prior art"
i.e.. the technology in related fields of invention
that wa,-: taken into account in judging the novelty of
the present invention. '11 le number of citations a
patent receives from later patents serves as an indi-
cator of the original patent's technical importance or
value. The technological significance indicator used
here attempts to assess a country's contribution
toward advancing the particular field of technology
by determining the number of patent families from
each priority cinintry that are highly cited.'' "Highly
cited" in this case means the top 1 percent of fami-
lies ill terms of the number of citations received. To

lit man countries. patent applicati )11, are publkhed. automatically.
IS months atter the priority tiling.

t. ;weenier. Narin. and Wool! I show that technologically
important I il%crav.c receive twice as many examiner cita-
tions as does the average i s Patent. thus helping to confirm the validi-
iv of internment citation as an indicator ol patent quatilY. AverY.
\arin, and N1c.Nllister tiUhil show that citation counts prove to be it
useful tool in identifying commercially important patents.

The citations counted are those placed on pat(nts filed %%id) the
European Patent Office II A by FP)) examiners. since HI) citations are
believed to be a less biased and broader source of citations than those
ot the I s. Patent and Trademark Office. Claus and 1-ligham I1982).

titation data are based oil the 1/11(11 number of patent tamilies, not
itN the internatumal

normalize differences in number of patent families, a
country's share of highly cited patents are divided
by its share of total patent families.

International patent family size: Given the signifi-
cant costs associated with obtaining patent protec-
tion in multiple countries, it can be assumed that
the number of countries in which protection has
been sought is an indicator of the perceived com-
mercial potential of an invention. An indicator of rel-
ative national rankings of commercial potential is
calculated by comparing mean family size for inter-
national patent families by priority country.'"

Robot Technology
Robot technology, a high-visibility facet of advanced

manufacturing, is easily associated with this broader
technology sector. For this study, robot technology was
defined as program-controlled manipulators, including
the manipulator. program control, gripping heads, joints.
arm sensors, safety devices, and accessories: and exclud-
ing nonprogram-controlled manipulators, prosthetic
devices, and toy robots.'"

International Patenting Activity. An examination of
international patenting trends during the 1980-90 decade
highlights the rapid growth taking place in the develop-
ment of robot tec mology. The number of international

Operationally. this means counting the numoer of countries in a
family in which a patent publication ti.e.. a published patent application
or an issued patent) exists.

The trends discussed for robot technology are estimates based on
a sample ot 2.357 records drawn front a population of It).203 records
listed in Derwent's World Patent Index Latest twPil.) database. flit-
pccpcilaticcn consisted ol till tk Pit robot technology records with basic
patent publications published in 1981 through nnd-I993 mid priority
applicatiotts in the United States. Japan. West Germany, East
Germany. France. Great Britain. and South Korea. The sampling
method was random sample. stratified by priority cotmtry. "Ille seven
countries accounted for about 64.4 percent of total robot technolozy

then-Soviet Union accounted for about another 28 per-
cent but was not included because of incomplete data associated with
Mai country's breakup.

0
4# Li (3
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patent families with priorhy applications in the seven
countries examined (the United States. Japan, West
Germany, East Germany France. Great Britain. and
South Korea) rose quickly and steadily from 1980 to 1988
before slowing clown in the following 2 years. Patenting
activity by this seven-country group accounts for about 65
percent of all families in this technolopy area.

The conventional perception of Japan as an innovator
in the area of advanced manufacturing techniques is
reinforced by the large number of robot inventions for
which Japanese firms have sought international patent
protection. Japan led all other countries in the total num-
ber of international patent families in robot technology
created during the entire 1980-90 period. (See figure 6-23
and appendix table 6-22.) Japan held 39 percent of the
3,264 international patent families created during this
decade, followed by the ilnited States (23 percent), \Vest
Germany (17 percent). France (12 percent), and Great
Britain (6 percent).

Rankings for Japan and the United States change
somewhat when the total number of foreign applications
associated with each country's robot technology is con-
sidered. Looking at the entire 1981-90 period, the United
States ranks slightly ahead of Japan (28 versus 27 per-
cent), but the United States overtakes Japan only after
I.S. firms doubled their foreign patent activity in robot
technology in the 1986-90 period compared with 1981 to
1985. Japanese firms also increased their foreign patent
activity in the latter half of the decade, but not to the
extent recorded for the United States. (See text table (i4.)

Data were also compiled for the former East Germany
and South Korea. While East Germany showed consider-
able domestic patent activity involving robot technology,
that same level of technological activity is not evident
when data on international families are examined. This
may reflect their isolafion from trade with the Western
world. Data for South Korea show only a few domestic
patents, and South Korean companies have sought inter-
national patent protection for nearly all of these robot
inventions. This indicates a high interest in international
commercialization common to trade-based economies of
newly industrializing countries like South Korea.

Highly Cited Inventions. Japan led all countriesand
by a wide marginwith 67.5 percent (36 of 53) of all
highly cited robot technology patents'' generated during
the 1981-85 period. France (with 11.2 percent of the high-
ly cited patents), West Germany (9.8 percent), and the
United States (9.6 percent) trailed distantly. (See
appendix table 6-23.) Japan and France each had about
1.6 times the number of highly cited inventions as expect-
ed based on their levels of activity (i.e., their total norm
hers of families). (See text table 6-5.) West Germany, the
United States, and Great Britain did not produce the

Operationally. these included all families with priority application
dates trout 1981 to 1955 with five or more citations. and those with pri-
i wily application dates from 1986 to 1990 with two or inore citations.

N
,

Figure 6-23.
Robot technology: Share of international patent
families, by priority year and country

Great Britain -
3%

Great Britain -
7%

Other - 1%

Great Britain -
4%

Other - 1%

1980
N = 117 inventions

United States -
18%

Germany -
18%

T4,"`"'"""""'. ' United States -
25%

1985
N = 356 inventions

Germany -
1 4° o

France -
13%

United States -
24%

1990
N = 298 inventions

NOTES:An international patent family is created when patent
protection is sought outside of the patenting country. German data are
for the former West Germany only.

See appendix table 6.22. Science & Engineering Indicators - 1993
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Text table 6-4.
Robot technology: Total number of foreign patents, by priority country

1981-85 1986-90

Number of Country

1981-90
Number of Country Number of Country

Priority foreign share of foreign share of foreign share of
Country patents total patents total patents total

Tota I 6,692 100.0 10,387 100.0 17,079 100.0
United States 1,584 23.7 3.193 30.7 4,777 28.0
Japan 1,948 29.1 2.627 25.3 4,575 26.8
West Germany 1,359 20.3 1925 18.5 3,284 19.2
France 1,059 15.8 1,890 18.2 2,949 17.3
United Kingdom 696 10.4 664 6.4 1,360 8.0
East Germany 46 0.7 56 0.5 102 0.6
South Korea 0 0.0 32 0.3 32 0.2

NOTE: Patent population is estimated.

SOURCE: World Patents Index database (London: Derwent Publications, LTD), special tabulations by Mogee Research & Analysts Associates under contract to
the National Science Foundation.

Science & Engineenng Indicators - 1993

expected number of highly cited inventions. Specifically,
West Germany produced only 80 percent of what might
be expected based on the number of inventions it pro-
duced during this period, and the United States and
Great Britain produced about half of what was expected.
Japan and France thus appear to have contributed a dis-
proportionate number of important robot inventions rela-
tive to their level of inventive activity.

In the 1986-90 time period, the United States caught
up with Japan in terms of number of highly cited fami-
lies: Each country had nearly 41 percent of highly cited
families for that time. Rankings for the other countries
did not change substantially. Although the United States
and Japan each had the same share of highly cited fami-
lies, this represented a much larger share for the United
States when adjusted for level of activity. The United
States had twice the number of highly cited inventions
as would be expected based on its share of all families.
while Japan fell short (producing 90 percent of what was
expected). This suggests that even though Japan had a
higher number of robot inventions, e.s. inventions were
more technologically important.

Text table 6-5.
Robot technology: Citation index

Citation ratio

Priority country 1981-85 1986-90

United States 0.5 2.1

Japan 1.6 0.9
France 1.6 1.2

West Germany 0.8 0.6
Great Britain 0.4 0.6
East Germany 0.0 0.0
South Korea 0.0 0.0

NOTE: The citation index is derived from the priority country's share of
highly cited patent families divided by its share of total patent families

See appendix table 6-23. Scie ice & Engineering Indicators - 1993

Mean International Patent Family Size. When
mean international patent family size is calculated for
robot technology. France and Great Britain show the
highest levels of perceived commercial value based on
this measure. Those robot inventions originating in
France and Great Britain for which patent protection
has been sought in at least one other country have a
mean patent family size of 8.5 and 7.9 countries, respec-
tively, closely followed by the United States (7.4 coun-
tries) and West Germany (6.) countries). Japan's and
South Korea's international robot patent families tended
to be much smaller. (See text table 6-6.)

The United States again shows surprising strength in
this indicator, especially in light of the fact that the coun-
tries it trails are all located in Western Europe and have
many commercial, locational, and historical ties that facili-
tate multiple-country patenting. The move toward
European unification has also encouraged wider patenting

Text table 6-6.
Robot technology: Number of international patent
families and average family size

Priority country
Number of

families
Average

family size

France 435 8.5
Great Britain 205 7.9
United States 833 7.4
West Germany 587 6.9
Japan 1,321 4.0
South Korea 12 3.2
East Germany 56 2.8

NOTE: Patent family size is determined by the nubmer of countries for
which patent protection is sought for a single invention. The number of
international families in this table is not the same as in appendix table 6-
22 because this table includes all robot families with basic patents pub-
lished in 1981 through mid-1993.

SOURCE: World Patents Index database (London: Derwent Publications.
LTD), special tabulations by Mogee Research & Analysis Associates
under contract to the National Science Foundation.

Science & Engineenng Indicators - 1993



Science & Engineenna Indicators 1993 181

within Europe: however, this influence is probably not
yet revealed fully in these data.

Genetic Engineering
As robot technology is clos('ly identified with advanced

manufacturing, genetic engineering is closely identified
with the broad field of biotechnology. For this study, genetic
engineering is defined as RI)NA technologyor more
specifically, as the formation of microbial mutants by

RDNA techniques. It covers processes for isolation. prepa-
ration. and purificatien of DNA or RNA. DNA or RNA frag-

ments and modified forms thereof: the introduction of
foreign genetic mak Hal using vectors: vectors: use of
hosts: and expression. As used here, genetic engineer-
ing excludes monoclonal antibody technologyH

International Patenting Activity. The decade of the

1980s really marks the introduction of genetically engi-
neered products to the global marketplace. From 1980 to
1985, the number of international patent families in this
field Mcreased tenfold; it had doubled again by 1989. (See

appendix table (i-24.) All of the seven countries with signif-

leant technological activity generally followed this trend.
The United States is widely considered the global leader

in the field of biotechnology, and these data support that
perception. The United States is the priority country
(i.e., the location of first patent application) for 57 per-
cent of the internationally patented inventions created
during the 1980-90 period. Japan follows with 20 percent.
the United Kingdom with 9 percent, and West Germany

with 8 percent. (See figure (i-24.)
When the total number of foreign applications associ-

ated with each counny's genetic engineering technology
is considered. the United States continues to lead all
other countries in international patenting in this field.
he United States had more foreign patents than the
other six countries combined, accounting for nearly 60

percent of the 27,000 foreign patents. Comparing the
1986-90 period to the 1981-85 period, it appears that sev-

eral other countries are gaining on the United States.

The United States led in both halves of the decade, fol-

lowed by Japan, but both countries leads declined as
West German, British. and French foreign patenting
shares in this field grew comparatively more rapidly.
(See text table (i-7.)

Highly Cited Inventions. The United States, with SO
percent of the total patent families recorded (luring the
1)81-85 period, had the largest proportion of highly cited

Since patent applications may take up to 18 months before publica-
tion, patenting activity data for the years atter 1990 arc available but

incotnpkge.
Ilw trends discussed for genetic engineering technology are

based on the population of ,385 genetic engineering patent records in
the World Patents Index Latest database, with priority applications in
the seven countries under study and basic patent publications from

1981 to early 1993. These seven comuries accounted for about 85.4
percent of total genetic tliginvering patent families.

Figure 6-24.
Genetic engineering: Share of international patent
families, by priority year and country

-----
Great Britain

16%

Japan -

1980
N = 25 inventions

France - 2%
Germany - 7%

Great Britain -
7%

12%

1985
N = 229 inventions

France - 5%

Germany - 9%

Great Britain -
8%

Japan -
18%

1990
N = 441 inventions

NOTES: An international patent family is created when patent protection
is sought outside of the patenting country. German data are for the
former West Germany only.

See appendix table 6-24. Science & Engineering Indicators - 1993
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Text table 6-7.
Genetic engineering: Total number of foreign patents, by priority country

Priority
Country

1981-85
Number of

foreign
patents

. _

Country
share of

total

1986-90
Number of

foreign
patents

Country
share of

total

1981-90
Country
share of

total

NunIer Or
foreign
patents

Total 7,968 100.0 19.463 100.0 27,431 100.0
United States . 5,181 65.0 11,159 57.3 16.340 59.6
Japan 1,344 16.9 2.885 14.8 4,229 15.4
West Germany . . . ...... 599 7.5 2,268 11.7 2,867 10.5
United Kingdom 673 8.4 2,063 10.6 2,736 10.0
France 155 1.9 1,026 5.3 1,181 4.3
South Korea 0 0.0 44 0.2 44 0.2
East Germany 16 0.2 18 0.1 34 0.1

NOTE: Patent population is estimated.

SOURCE: World Patents Index database (London: Derwent Publications. LTD). special tabulations by Mogee Research & Analysis Associates under contract to
the National Science Foundation.

Science & Engineering Indicators - 1993

patent percent. Or of the I I such families
identified..' (See text table (3-8 and appendix table (i-25.)
With 36 percent of the total famifies. apan had just 2 (18
perc('nt) that Wvre highly cited. Great Britain was the
only other country with any patent families considered
highly cited-1: it had fewer than 6 percent of the total
patent families ill this field.

In the 1986-90 tnne period, both the number of new
genetic engineering inventions (patent families) and the
number of technically important patent families were
nearly three times that recorded during the earlier period.
Japan (with 1,317 famihes) moved ahead of the United
States (with 1,125) in terms of total number of patent fami-
lies: however. the United States continues to produce the
most highly cited patent families in this technology field.
In fact, the nfited States accounted for 23 of the 35 highly
cited patent families tiled during the later period. and had
1.8 times as many highly cited patent families as expected
based on its kwel of activity. Great Britain, with far fewer

'Opertnionally, included all families Nt ith priority application
dales Imm 11181 to 11/5 with 12 or more citations. and those with prior-
ity application dates trom 19S6 to 11190 with ii or more citations

Text table 6-8.
Genetic engineering: Citation index

_Citation ratio__
Priority country 1981-85 1986-90

Great Britain 1.7 2.3
United States 1.4 1.8
France 0.0 2.5
Japan 0.5 0.4
West Germany 0.0 0.0
East Germany 0.0 0.0
South Korea 0.0 0.0

NOTE: The citation index is derived from the priority country's share of
highly cited patent families divided by its share of total patent families.

See appendix table 6-25. Science & Engineering Indicators - 1993
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patent families than either Japan or the United States, pro-
duced 2.3 times the number of highly cited patent families
as expected based on its level of activity.

Despite the large junlp in new genetic engineering tech-
nologies originating in Japan, the I nited States appears to
lead the other countries in terms of the technological merit
of the work being done, based on ihis indicator. Work done
in Great Britain has not produced the same number of
patented inventions as in Japan or the United States, but this
work does appear to represent inlportant advancements.

Mean International Patent Family Size. Patented gene-
tic engineering inventions developed in Western Europe and
the United States appear to be the most commercially valu-
able based upon this measure. This indicator identified
patented inventions originating in West (k.rmany as having
the highest commercial potential based on comparison of the
mean size of international patent families for this technology.
(See text table \Vest German international patents have.

Text table 6-9.
Genetic engineering: Number of international patent
families and average family size

Priority country
Number of

families
Average

family size

West Germany. . . . 209 15.5
France 103 13.1

Great Britain 251 12.8
United States 1,492 12.0
Japan 526 9.4
South Korea 6 8.2
East Germany 6 6.7

NOTE: Patent family size is determined by the nubmer of countnes for
which patent protection is sought for a single invention. The number of
international families in this table is not the same as in appendix table
6-22 because this table includes all robot families with basic patents
published in 1981 through mid-1993.

SOURCE: World Patents Index database (London: Derwent
Publications, LTD), special tabulations by Mogee Research & Analysis
Associates under contract to the National Science Foundation.

Science & Engineering Indicators - 1993
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(in average, sought men( protection in 15 countries: French
and British origin international patents have seught patent
protection in 13 countries. Patented genetic engineering
inventions originating ,n the United States rank fourth in per-
ceived commercial exploitation potential. Inventions originat-
ing in Japan, South Korea, and East Germany trailed the
United States based on this measure.

Optical Fibers
National technological positions ir the broad and amor-

phous field of information techne..,gy have here been
assessed through an examination of international patent-
ing activity of optical fiber technology. Optical fibers are
flexible, transparent fibers, usually made of extremely
pure glass, and designed and manufactured to guide rays
of light. Optical fibers have a greater information-carrying
capacity than copper wire: communications companies
anticipating Mture information demandsare increasing-
ly replacing their copper wire transmission lines with
new lines made of optical fiber. For this study, optical
fibers were defined to include plastic fibers, optical fiber
bundles, optical preforms, and integrated optical waveg-
uides. .1'he definition excludes optical fiber cables and
connectors, light sources and receivers, couplers, ampli-
fiers, repeaters. and switches. The seven countries ana-
lyked account for approximately 94.6 percent of total
patent activity by all countries in this technology.''

International Patenting Activity. During the 1980-90
period, the seven countries analyzed generated a total of
1,872 international patent families in the field of optical
tbers. The formation of international patent families
increased nearly every year during the 1980s (there was
a slight. decrease in number in 1989 compared to 1988),

reaching a period high of 2(31 international patent fami-
lies formed in 1990."'

Japan and the United States led all other nations in the
formation of international patent families involving optical
fiber technology. Japan surpassed the United States in
1981 and led the seven-nation group thereafter. (See
appendix table 6-26.) Japan held 36 percent of the total
(with 684 international families) families formed over the
period studied; the United States held 30 percent (559
international families). West Germany, Great Britain, and
France trailed with 17, 9, and 7 percent of the total. respec-
tively. East Germany and South Korea had comparatively

Ihe trends discussed for optical fiber technology are estimates
based On a sample of 4,930 patent records drawn from the population of
7.848 optical fiber patent records in the World Patents Index Latest
database with priority applications in the seven countries under study
and basic patent publications (rain 1981 to early 1993. The 4,930 patent
records include the entire population of optical fiber patent families
with priority applications in the United States, West Germany, East
Germany, Great Britain, France. and South Korea: and a 43-percent
sample of the patent families with a priority application in Japan.
Theref ore. data presented for Japan are estimates, while data presented
for the other six countries are true population figures.

1990 is the last year for which complete data are available.

A L'.

Figure 6-25.
Optical fiber technology: Share of international
patent families, by priority year and country

Great Britain -
8%

1980
N = 61 inventions

Other - 0%

Great Britain -
7%

1985
N = 135 inventions

1990
N = 261 inventions

NOTES: An international patent family is created when patent
protection is sought outside of the patenting country. German data
are for the former West Germany only.

See appendix table 6-26. Science & Engineering Indicators - 1993
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Text table 6-10.
Optical fiber technology: Total number of foreign patents, by priority country

Priority
Country

1981-85 1986-90 1981-90
Number of

foreign
patents

Country
share of

total

Number of
foreign
patents

Country
share of

total

Number of
foreign
patents

Country
share of

total

Total 4,063 100.1 7,527 100.0 11,590 99,9
United States 1,457 35.9 2,555 33.9 4,012 34.6
Japan 1,228 30.2 1,796 23.9 3,024 26.1

West Germany 673 16.6 1,485 19.7 2,158 18.6
United Kingdom 454 11.2 1,023 13.6 1,477 12.7
France 230 5.7 654 8.7 884 7.6
South Korea 20 0.5 5 0.1 25 0.2
East Germary 1 0.0 9 0.1 10 0.1

NOTE: Patent population estimated.

SOURCE: World Patents index database (London: Derwent Publications. LTD), special tabulations by Mogee Research & Analysis Associates under contract to
the National Science Foundation. Science & Engineering Indicators -1993

insignificant numbers of international patent families in
this teclmology. (See figure 6-25.)

When the total number of foreign applications associ-
ated with each country's optical fiber tchnology is con-
sidered, the United States and Japan switch places, and
the United States becomes the leader in terms of total
numbers of foreign patents sought for optical fiber tech-
nology. Out of a total of 4.063 optical fiber foreign
patents generated from priority applications filed by the
seven countries under study during the 1981-85 period,
the United States generated 36 percent (1,457 patents) of
the total, and Japan generated 30 percent (1,228
patents). In the second half of the decade, the United
States improved on its lead over Japan. However, the
Westeril European nations showed the greatest growth
in foreign patenting, gaining on both the United States
and japan. (See text table 6-10.)

Highly Cited Inventions. During the 1981-85 period,
the seven countries together created 2,043 optical fiber
patent families, of which 22 were highly cited.."' Japan
generated the greatest number of patent families in this
technology area during this period and also had the
greatest number of highly cited inventions-12 (or 54
percent of all highly cited patent families). Yet, when
each country's number of highly cited patent families is
normalized by calculating its citation ratio, the United
States leads all seven nations. The United States had a
citation ratio of 2.0, or two times as many highly cited
patent families than would be expected given its share of
total families during this period. Japan's citation ratio, 0.9,
suggests that the 12 highly cited families produced by
Japan during this period were slightly below expecta-
tions, given the total number of patent faidilies generated
by Japan. Great Britain had only one highly cited family,

uperationally. these included all families with priority application
dales trom 11 to 1985 with eight or more citations, and those with pri-
ority application dates trom 1980 to 1990 with three or more citations.

'd 4

but meets expectations in this indicator with a citation
ratio of 1.0. (See text table 6-11 and appendix table (5-27.)

In the 1986-90 time period, the number of optical
fiber inventions (patent families) doubled, and the num-
ber of technically important patent families were over
three times that recorded during the earlier period.
Japan accounted for nearly 69 percent of the patent
families generated in this period, but again did not pro-
duce the expected number of highly cited families out
of this total. It ended up with a citation ratio of only 0.5.
With a citation ratio of 2.6. the United States once again
shows high productivity of technically important optical
fiber inventions.

Several European countries showed greater productiv-
ity of technically important optical fiber inventions in the
late 1980s. Great Britain stands out in this later period,
with a citation ratio of 3.5. the highest among the seven
countries. France, with a citation ratio of 2.9 during this
period, also greatly exceeds expectations, producing
nearly three times the number of highly cited families
expected from its total number of optical fiber inventions
patented during this period.

Text table 6-11.
Optical fiber technology: Citation index

Citation ratio

Priority country 1981-85 1986-90

United States 2.1 2.6

Japan 0.8 0.5
Great Britain 1.0 3.5
France 0.0 2.9
West Germany 0.5 1.1

East Germany 0.0 0.0

South Korea 0.0 0.0

NOTE: The citation index is derived from the priority country's share of
highly cited patent families divided by its share of total patent families.

See appendix table 6-27. Science & Engineering Indicators -1993
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Text table 6-12.
Optical fiber technology: Number of international
patent families and average ramily size

Priority country
Number of

families
Average

family size

Great Britain 174 10.0

United States 634 8.0

France 154 7.9

West Germany 351 7.8

Japan 734 5.2

South Korea 6 4.8

East Germany 10 2.0

NOTE: Patent family size is determined by the nubmer of countries for
which patent protection is sought for a single invention. The number of
international families in this table is not the same as in appendix table
6-26 because this table includes all optical fiber families with basic
patents published in 1981 through mid-1993.

SOURCE: World Patents Index database (London: Derweru
Publications, LTD). special tabuldions by Mogee Research & Analysis
Associates under contract to the National Science Foundation.

Science & Engineering Indicators 1993

Mean International Patent Family Size. Based on
mean international family size, the optical fiber inventions
with the highest perceived foreign market potential were
produced in Great Britain. Patent protection for these
British-origin optical fiber inventions has been sought in.
on average, 10 foreign countries. This compares to an aver-
age international patent family size of about eight countries
for the United States, France, and West Germany (8.0, 7.9.
and 7.8 countries on average, respectively).

Optical fiber inventions developed in Japan for which
firms sought patent protection in at least one other coun-
try, on average, have an international patent family size of
just 5.2 countries. (See text table 6-12.) The optical fiber
inventions from South Korea and East Germany had even
less perceived potential in foreign markets, with average
international family sizes of just 4.8 and 2.0, respectively.

Small Business and High Technology
Many of the new technologies and industries seen as

critical to the Nation's future economic growth are close-
ly identified with small business. For example, biotech-
nology and computer software are industries built
around new technologies that werelargely commercial-
ized by small business?' Small business retains certain
advantages over large businesse'i in commercial environ-
ments characterized by fast-moving technologies and
rapidly changing consumer needs. A keen receptivity to
new product ideas found outside their own operations
characterizes this efficiency (see Hanson 1991). Small
businesses supplement internal product development

--The role of small business as a commercializer of new technolo-
gies is somewhat unique to the United States. See Mowery and
Rosenberg (1993).

185

with new product ideas drawn from dealings with cus-
tomers, suppliers, government labs, universities, and
others to ensure useful innovations. These attributes
make small business a key sector to watch as the Nation
seeks to stimulate the development, adoption, and diffu-
sion of new technologies.

This section presents information on new company for-
mation in the United States and foreign ownership of new
high-tech companies." The discussion focuses on compa-
nies active in the following eight technology fields:

automation,

biotechnology,

computer hardware,

advanced materials,

photonics and optics.

software,

electronic components, and

telecommunications.

These fields encompass many of the technologies con-
sidered critical to the country's future economic compet-
itiveness (National Critical Technologies Panel 1993).

Trends in New U.S. High-Tech Business
Startups

The rapid formation of new high-tech companies
observed during the second half of the 1970s and the
early 1980s was followed by a sharp decline in such forma-
tions in the late eighties. (See appendix table 6-28.) That
declining trend appears to be contimfing into the early
1990s with the number of annual company formations
averaging only about one-third of that seen in the slower
second half of the 1980s. Still, nearly half of all r.s. high-
tech companies operating in 1993 were formed in just the
last 14 years. That proportion is even higher (around 60

In a 1982 study done for the Small Business Administration coin-
paring innovation between small and large firms, it was lound that
small firms produced 2.4 times as many innovations per employee as
did large firms. See Futures Group (19841 and Hanson. Stein, and
Moore (1984).

"'Information in this section is derived front the CorpTech database,
owned by Corporate Technology Information Services, Inc. Thy
Corpiech database permits an inspection of small business entities by
technology field. This database includes many of the new startups and
private companies often missed by other databases and is one of the
most current sources of information on small newly formed companies
active in high-tech fields. The database attempts to be all-inclusive: by
Corp.fech's own estimate, it includes 99 percent ot large companies
(over 1,000 employees). 75 percent of medium-sized companies with
250 to 1,000 employees, and 65 percent of companies with less than
250 employees. When prospective companies for inclusion in the
database are identified, they are sent questionnaires covering their
size; status (private or public, independent, subsidiary, or joint ven-
ture); year formed; and product groups in which they are active. The
version of the database used here (Rev. 8.2 1993) include's about
35,000 independently managed companies.

5 i
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percent) for computer-related companies and for compa-
nies whose main business involves biotechnology.

Technologically, the 1980s mark the decade of the com-
puter and its rapid integration into Amedca's daily life. 13y
the mid-eighties. it was hard to find a modern office that
did not use a personal computer (lv), a new car that did
not inchde computerized functions, or a child that did not
have access to a Pc in elementary school. The trends in
new company formations among the various fields of tech-
nology reflect this revolution. For example, about half of
the new high-tech businesses formed since 1980 were
computer-related companies. Among these, software coin-
patfies accounted for the largest number.

The number of new software companies stands out not
just in the computer-related category but also when com-
pared to all other technology fields. According to the
Corp Tech database, software development and/or servic-
ing is the primary business for 34 percent of the 10,000
new high-tech companies formed since 1980 and in exis-
tence in 1993. However, the large number of new software
companies started in the early 1980s (1980-84) was not
duplicated in the second half of the decade, with the num-
ber of new software startups dropping nearly 45 percent.
Thus far in the 1990s, software technology continues to
create the greatest number of small business startups

Figure 6-26.
High-tech business formation, by technology

Automation

Biotechnology

Computer hardware

Advanced materials

Photonics and optics

Software

Electronic
components

Telecommunications

1980-84
1985.89

1990.93

Total number of companies
formed in eacn period

1980.84 5 659
1985.89 .l 660
1990-93 38

0 10 20 30

Percentage of all high-tech companies
formed during each period

40

NOTE: Data reflect information collected through July 1993.

See appendix table 6-28. Science & Engineenng Indicators - 1993

among the eight technology fields examined, but not at
the pace set during the previous decade. (See figure (-26.)

)ther technology fields that exhibited relative share
growth in tile early 1990s are companies in the biotech-
nology, advanced materials, and photonics and optics
fields. Biotechnology was the only technology field that
exhibited produced steady relative share growth during
the 1980s and into the early 1990s.

Foreign Ownership of U.S. High-Tech Companies

Fewer than 7 percent of the 23,000 new high-tech
companies listed in the Coriffech database were under
foreign ownership in 1993. (See appendix table 6-29.)
The United Kingdom has the largest u.S. presence, fol-
lowed by Japan and Germany. Although these three
countries own companies active in each of the eight
technology fields examined, they each tend to be drawn
to certain fields. The United Kingdom and Germany tend
to Own u.s. companies involved in the development of
advanced materials, and Japan tends to own telecommu-
nications and computer hardware companies.

Compared with the major industrialized countries,
Taiwan and South Korea own relatively few u.s. high-tech
companies. Taiwan's acquisitions are in two fieldscom-
puter hardware and telecommunications. South [Korea
also owns companies ill these fields, but its largest con-
centration of acquisitions are in the biotechnology field.

New High-Tech Competitors"
The previous sections identified several nations that

have made tremendous technological leaps forward over
the past decade. Whether these countries will play even
more important roles in technology (Ievek)pment in the
near future remains to be seen. but several Asian econ-
omies appear to be well-positioned for just such roles.
Their large and continuing investments in science and
engineering education and k&I) resources and infrastruc-
ture provide a foundation on which to build their position
in many high-tech areas.'''

This section attempts to assess the future national
competitiveness in high-tech industries of eight Asian
economies: the four newly industrialized economies
Hong Kong, Singapore, South Korea, and Taiwanand

'This section presents early results ol research sponsowd by the
National Science Foundation aimed at developing new indicators of
national technological cotnpetitiveness. rhese indicators have under-
gone extensive validity and reliability testing that supports their use as
a tool for both policy analysis and research. See Roessner, Porter. and
XI' (1092). The present discussion focuses on several Asian economies
whose rapid growth or potential to make important contributions in
,,&*r areas has attracted the attention of the industrialized world. Data
assessing the high-tech potential of countries in other important
regions are being collected in order to provide more comprehensive
assessments (0. technological competitiveness in future Science
Engineering Indicators reports.

"'See chapter 2. "Asian Students in U.S. Universities." and sits
(1993).
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Leading Indicators of National Competitiveness

The model used to develop the competitiveness pro-
jections discussed in this section combines various
quantiwtive data with expert-derived measures to pro-
duce the following four leading indicator areas.

National commitment: evidence that a nation is
taking directeu action to achieve technological
competitiveness.

Socioeconomic infrastructure: the social and eco-
nomic institutions that support and maintain the
physical, human, organizational, and economic
resources essential to the functioning of a mod-
ern, technology-based industrial nation.

Technological infrastructure: the social and eco-
nomic institutions that contribute directly to a

four countries viewed as cmerging Asian economies
(EAEs)China, India, Indonesia. and Malaysia. This
competitiveness is gauged through scores in fmir lead-
ing indicator areasnational connuitment, socioeconom-
ic infnistructure, technological infrastructun . and pro-
ductive capacity." (See figure 6-27.) These indicators
were designed to identify those countries with the poten-
tial of becoming more important exporters of high-tech-
nology products over the next 15 years. A more thor-
ough discussion of the indicators and projection model
used in this analysis is provided in "Leading Indicators of
National Competitiveness.'

National Commitment
Tlw national conunitment indicator attempts to identitY

those nations whose business, government. and cultural
orientation encourages high-technology development. This
indicator was constnaled using information Imm a survey
of intenmtional experts'' and published data. The survey

These lour indicators %%ere used by i1 11992) lo examine
Nlexico's technological capacity.

The scores discussed in this section are extracted Irom Roessner
t 1002). This reTort calculated standard scores based on data for 10
economies: China. !long 1:olig, India, huhmesia. Nlalaysia. the
Philippines. :ningapore, South Korea. Taiwan. and Thailand. '1'1e sur-
vey instillment consisted ol l closed.ended questions with responses
on a five-point scale. 'Me instrument was sem to a sample ot country
experts in April 1900. Experts were sedectcd bmause of their knowl-
edge oh the technology policies lliel socioeconomic conditions in I thel
countries studied.... Occasional high variance in responses to individ-
ual survey items were atrributable to rater inconsistencies rather than
to inherent uncertainty about a nation's slams. Genendly, the survey
items discriminated well among countries. and the median standard
deviation of responses to individual questions within countries was
less than one on a live-point scale."

"The survey instrument consisted of 15 closed-ended questions with
responses on a 1-point scale. Tlu. instrument was sent to a sample of
country experts in .April 1900: these experts were selected based on
their knowledge. of the technology policies and socioeconomic condi-
tions in the countries studied. Occasional high variance in responses to

nation's capacity to develop, produce, and market
new technology.

Productive capacity: the physical and human
resources devoted to manufacturing products, and
the efficiency with which those resources are used.

These indicators have been the subject of several
research projects conducted in three phases over 5
years. Phase I sought to identify a set of composite indi-
cators that could be used to assess current and future
national competitiveness in technology-based product
markets; phase II focused on expanding country cover-
age and testing the indicators; and phase III, now under
way, entails further model refinement and testing. For
further details on this research and on indicator con-
struction, see Porter and Roessner (1991).

asked the experts to rate national strategies that promote
high-tech development, social influences favoring techno-
logical change, and entrepreneurial spirit. 'Me publish('d
data were used to rate each nation's risk factor for foreign
investment over the next 5 years (Frost and Sullivan 1987
and 1989).

The four Asian NIES received very close ratings on this
indicator. (See figure 6-27.) However, experts' higher rat-
ings for Hong Kong's cultural and social attitudes about
new technology and its strong entrepreneurial spirit ele-
vated that economy's composite score over the other NIES.
(See appen(lix table 6-30.)

Three of the four emerging Asian economics (China.
India. Indonesia) scored quite low relative to other nations
on this Mdicator. Their scores were brought down by
experts' comparatively low judgments of their cultural and
social attitudes toward ncw technology and entrepnqieur-
ship. China had the lowest overall score of the three, a result
of being judged to have the highest investment risk and the
lowest predisposition for innovative action and risk-taking.

AccordMg to this indicator. NIalaysia leads the other
FAB ill its national commitment toward achieving tech-
nological competitiveness. Nlalaysia's scores were con-
sistently and significantly higher than those of the other
I.:AEs across the full range of variables considered for
this indicator. Nevertheless. Nlalaysia's scores were still
well below those for the more advanced Asian NIES.

Socioeconomic Infrastructure
This indicator assesses the underlying physical, finan-

cial, and human resources needed to support high-tech

individual survey items were attributable to rater inconsistencies rather
than to inherent uncertainty about a nation's status. Generally, the su
vey items discriminated well among countries, and the median stan-
dard deviation of responses to individual questions within countries was
less than 1 inghnint scale (Roessner. Porter. and Xu 1992).
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Figure 6-27.
Leading indicators of technological competitiveness
for s Asian economies
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NOTE: Scores were normalized to median values of zero for the 10
economies (the 8 noted here and the Philippines and Thailand), based
en surveys of expert opinion conducted in 1990 and statistical data for
the late 1980s.
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development. It was built from published data On percent-
ages of population in secondary school and higher educa-
tion and survey data evaluating the mobility of capital
and the extent to which foreign businesses are encour-
aged to invest and/or do business in each country.

The data again show a clear separation between the
NIEs and (See figure li-27.) lthough NI1 scores for
this leading indicator are tightly bunched. Taiwan
received the highest score On the basis of its strong track
record for general education. I long 1:ong scored high on
those variables comparing mobility of capital and encour-
agement of foreign invesullet d.

Among the FAEs, Nlalaysia was rated highest, based on
the underlying physical, financial. and human resources it
has to support u.chnology dev(lopment. NIalaysia's semi.
was bolstered by a stronger showing in both published edu-
cation data and di experts' opinions of Makn,'sia's physical
and financial rtsources. India had the lowest overall score:
it was held back by a po(w rating on the variable comparing
the encouragement of foreign business and investment.

Technological Infrastructure
Four variables are used to develop this indicator which

evaluates (1) a nation's potential to expand its scientific
and technological knowledge and (2) the industrial focus
of its R&D enterprise. This indicator was constructed
using published data on the number of scientists in R&D
(United Nations data): national purchases of electronic
data processing equipme nt (1'1...sev,er Advanced Tech-
nology): and survey data that asked experts to rate the
economy's output of indigenous academic science and
engineering, the ability to make effective use of t('chnical
knowledge, and the linkages (0. RN 1) to indlistrY.

Faiwan received the highest composite score of the eight
Asian economies (both NIB and ;..\Es), with strong ratings
for each of the variables. (Ste fiore "Me lowest scow
among the NtEs was accorded to Hong Kong. This is not sur-
prising, considering its traditional reliance on entrepre-
neurial expertise mther than on formally conducted R&D.
In addition, its comparatively smaller population may have
played some part in its low score since numbers of trained
scientists and engineers and the size of the attendant R&D
enterprise are compared with countHes with much larger
populations in the egion.' However, even though Singa-
pore's population is smaller than Hong Kong's, Singa-
pore's extensive national investments in information tech-
nology and its prominence in the region as a computer
manufacturer more than compensated for any population
bias and lifted its score above that for I long Kong.

'The Harbison-Myers Index (which measures the percentage ot
population attaining secondary and higher educations) was used for
these assessments.

-Ibis assessment of Hong Kong may change in the near future
spurred un by the change in rule from Britain to the China in n)97.
Hung Kong has recently opened a new l'niversity of Science
Technology and an Industrial Technology Center. ISee Business
Week 1992.)
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Among the EAEs, China and India have the highest rated
lechnological infrastructures. China scored well on each of
the variables, but distanced itself from the other Lus by
virtue of its comparatively large purhases of computer
equipmem. India's relatively high score rested on the
strength of its large number of trained scientists and engi-
neers and their many contributions to the S&T knowledge
base. On the other hand, Indonesia's large population did
not save it from the bottom ranking with low scores on
each of the variables that make up this indicator.

Productive Capacity
This indicator evaluates the strength of a nation's cur-

rent, in-place manufacturing infrastructure as a baseline
for assessing its capacity for future growth in high-tech
activities. It factors in expert opinion on the availability of
skilled labor, numbers of indigenous high-tech compa-
nies. and judgments on the management capabilities in
the country, combined with published data on current
electronics production in each country.

Taiwan's productive capacity scored the highest
among the NIEs, although South Korea and Singapore
were not far behind. (See figure 6-27.) Hong Kong fell
short compared to the other Nt Es, with low expert opin-
ions of its availability of skilled labor and on the variable
measuring electronics manufacturing.

Malaysia Once again stood out among the EAEsin
fact, its score was closer to that of the NIEs than to the
group of emerging Asian economies. India's score was
also quite high compared to the other countries in this
group, supported by its comparatively large electronics
manufacturing industry and its tradition of training its
students in science and engineering.

Summary: Assessment of Future
Competitiveness-

Based on various indicators of technological competi-
tiveness. including those discussed in this section."' sever-
al Asian economies seem headed toward future promi-
ttence in technology developmenta prominence likely to
lead to a greater presence in high-tech product markets.

Taiwan and South Korea seem best positioned to
increase their competitiveness in technology-related
fields and markets and move closer to Japan in terms of
technological stature. Strong patent activity in electron-

'For further analysis ot future competitiveness oi these eight
economies. see "Results of Preliminary Analysis."

' 'While the conclusions drawn front the leading indicators should be
considered preliminary. they are consistent with trends presented in
sits (19931 and SRS (forthcoming).
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ics and telecommunications, tapping into t'.s. technologi-
cal know-how, and incorporating advanced technology
products throughout their economies are a few of the
indicators suggesting technological advancement for
these economies. The set of leading indicators highlight
the technological infrastructure and productive capacity
in both economies that should support further growth in
their high-technology industries.

Singapore and Hong Kong, while showing many signs
of technological strength, seem to be operating on a
somewhat narrower technology foundation than are
Taiwan and South Korea. They have not shown the same
level of patent activity or the same presence in global
technology markets as have the other two NIEs. Hong
Kong is the region's wild card, however. Integration with
China is scheduled for 1997 and whether the Hong Kong
industrial and technological base will continue to grow
will depend upon how it is incorporated in the new China.

Malaysia is the single emerging Asian economy that.
on the basis of these indicators, could likely develop into
the next Asian "tiger"that is, an NIE. Malaysia is pur-
chasing increasing amounts of advanced technology
products and has attracted large amounts of foreign
investment to establish its own in-country high-tech man-
ufacturing facilities. Even if these facilities are mostly
platform (assembly) operations today, Malaysia's strong
national commitment, socioeconomic structure, and pro-
ductive capacity suggest that as it gains technological
capabilities, more complex processing will likely follow.

India shows tremendous strengths in certain of the
indicators, but also shows tremendous weakness. The
country has a long tradition of educating highly qualified
scientists and engineers and a well-deserved reputation
for excellence in basic research, yet it harbors one of the
highest illiteracy rates in the region. This anomaly pro-
duced the lowest score given among the eight eco-
nomies for the socioeconomic infrastructure indicator.
Uneven acceptance of foreign products and investment
has inhibited internal competition that otherwise may
have motivated India to better capitalize on its ..ngineer-
ing strengths. Some of the regulations and policies relat-
ed to foreign investment are slated to change in the near
future, and this may improve India's position over the
long run (The Economist 1991).

China and Indonesia show many mixed signs in these
indicators of technology development and competitive-
ness. Both countries show rising purchases of u.s.
advanced technology products and increased licensing
of technological know-how. Yet compared with the other
Asian economies, these countries do not show the same
level of national commitment, technological infrastruc-
ture. and productive capacity that would project techno-
logical competitiveness in the near future.
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Preliminary Analysis of New Data

A preliminary analysis of new quantitative and expert-
derived data indicates a further np-rowing between the
group of NIES (Hong Kong, Singapure, South Korea, and
Taiwan) and the group of EAES (China, India, Indonesia.
and Malaysia). The new set of data show surprising
strength by Singapore compared to the other newly
industrialized economies. improving its scores in three of
the four leading indicators. Yet other indicators suggest
that Singapore's high-tech strength is narrow compared
to that of Taiwan and South Korea. New data for China

show a marked improvement in each of the four indica-
tors. Memories of Tianenmen Square linger, but China's
national potential and commitment to achieving market-
driven economic growth continue to elevate that coun-
try's prospects as a future high-tech competitor. EffortF;
by India to encourage more foreign investment appear to
be paying off, as suggested by the sizeable improvement
in the indicator measuring its socioeconomic infrastruts-
ture. Nevertheless, Malaysia continues to be the standoti
among the EAES.
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Highlights

INTEREST IN AND INFORMATION ABour S&T

The level of interest in science and technology
(s&T) has remained fairly stable over the past
14 years. Approximately 40 percent of Americans
reported that they were very interested in scientific
and technological issues. Compared to citizens in
Japan and the European Community, more
Americans expressed a high level of interest in new
medical discoveries.

Only about 10 percent of American adults think
of themselves as being very well-informed about
science and technology. Only 12 percent of
Americans thought that they were "very well-
informed" about issues involving new scientific dis-
coveries, and only 10 percent claimed to be "very
well-informed" about issues concerning the use of
new inventions and technologies.

Most Americans depend on television and news-
papers as their primary source of news and
information. When looking for more specialized
information, e.g., personal health information, a third
of American adults continue to rely on television.

ATTITUDES TOWARD S&T

Americans continue to hold science and
medicine in high regard. Over the last 20 years,
the proportions of American adults who report "a
great deal of confidence" in the leadership of the sci-
entific community and the leadership of medicine
have been among the highest for any institutions in
the United States, including the Supreme Court.

Approximately 80 percent of Americans believe
that S&T have increased our standard of living,
enhanced working conditions, and improved pub-
lic health. Throughout the last decade, at least 70 per-
cent of Americans have continued to express the view
that the benefits of scientific research have exceeded
any risks or harms associated with that work.

Many Americans hold mixed views about the
motives and behavior of individual scientists.
Eighty percent of Americans think scientists want to
work on things that will make life better for the aver-

age person, but 53 percent accept the idea that
"many scientists make up or falsify research results
to advance their careers or make money."

PUBLIC UNDERSTANDING OF SCIENCE

The public understanding of basic environmen-
tal concepts is uneven, with high levels of
understanding of some ideas and very little
understanding of others. Over 60 percent of
American adults understand that the thinning of the
ozone layer can lead to increased risk of skin cancer
and that acid rain can damage forests, but fewer than
1 in 10 know the location of the primary hole in the
ozone lay er or can provide a scientific explanation of
acid rain. A large proportion of the public tends to
think that all forms of pollution, including auto
exhausts. contribute to every major environmental
problem. Relatively few citizens demonstrate the abil-
ity to relate specific sources of pollution to particular
kinds of environmental damage.

A higher proportion of European adults than
U.S. adults classify themselves as having a clear
understanding of several important environmen-
tal concepts. For example, 44 percent of Europeans
say they have a clear understanding of the hole in the
ozone layer, compared to 30 percent of Americans.

YOUTH UNDERSTANDING AND AI 111VDES

Most high school seniors (52 percent) were
uncertain about the potential impact of comput-
ers and automation on jobs, and the balance was
about evenly divided between optimists and pessimists.
The majority (55 percent) of U.S. adults surveyed on
this issue in 1992 expected computers and automation
to eliminate more jobs than they would create.

Among recent high school graduates who have
developed any attitude or opinion toward sci-
ence and technology, there is evidence of gener-
ally positive attitudes toward organized science.
A substantial proportion of 1990 and 1993 high school
graduates indicated that they had not developed an
attitude toward, or were unsure about, a wide range of
science and technology issues
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introduction
Chapter Background

Most Americans today grew up with satellites circling
the planet, the ability to pick up a telephone and call
directly to almost anywhere in the world, and the expecta-
tion that modern medicine can cure or control most condi-
tions. Future generations of Americans will undoubtedly
live in an increasingly scientific and technological society.

In light of this circumstance, it is important to under-
stand the American view of science and technology (s&T).
Do Americans recognize s&T's contributions to their pre-
sent standard of living? What do they think will be the
future relationship between science, technology, and eco-
nomic prosperity? How do they assess the impact of
on their lives and well-being? How many Americans have
a sufficient understanding of s&T to participate meaning-
fully in public pc)licy debates involving scientific and tech-
nological issues? And filially, how do Americans views
compare to those of Europeans and the Japanese?
Answers to these and related questions can be gained, in
part, by studying the level of interest that Americans have
in scientific and technical issues, how much they know
about those issues. and how closely they follow them.

The pace of scientific and technological change
increases rapidly: consequently, the study of science and
mathematics in school is merely preparation for a life-
time of learning about new developments. Contemporaty
adults try to keep pace with these changes primarily
through major media sources, trustingat some level
that the information provided is accurate. Identification
of information sources and determination of their per-
ceived reliability provides additional indications of Amer-
icans' ability to prepare tor the future.

Finally, examining the attitudes of Ls. adults toward s&r.
and understanding the emergence of attitudes among the
next generation, can provide insights for policymakers as to
whether young Americans are turning away from or toward
science and technology. This analysis may also help deter-
mine if there is growing distrust or growing confidence in
science among American youtha factor that may affect
their future policy or career decisions.

Chapter Organization
To explore the issues raised above, data from this and

previous Science & Engineering Indicators reports are
used andin some areascombined with survey results
from Japan and the European Community. The first sec-
tion focuses on the level of interest in F. the public's
self-perceived level of understanding, and attentiveness to
SWF issues. Comparative information from the European
Community and Japan is also examined. The section also
looks at the primary sources of information used by vari-
ous segments of the public to learn about s&T, and the
level of trust they place in those sources.

The second section examines public attitudes toward
1&.r in general and toward specific scientific and techno-

1
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logical issues. It looks at patterns of change over the last
15 years relating to organized science, scientists, specific
controversies. government spending, and the broad
impact of sr on the quality of life. Comparative respons-
es from citizens in Japan and the European Community
are also reviewed.

The third section explores the level of public under-
standing of science and technology. Using a wide array
of measures, this section attempts to estimate the pro-
portions of Ls adults who understand selected scientific,
technological, biomedical, and environmental terms and
concepts. The section also compares Ls. responses to
those of the European Community and Japan.

The final section uses data from a continuing longitudi-
nal study of 1..s. youth to assess the attitudes of the next
generation of Americans toward s&-r. Data from national
samples of public high school seniors are used to estimate
attitudes toward both organized science in general and
:elected scientific and technological issues in particular.

Interest in and Information About S&T
"lhe public policy agendas of modern industrial

democracies are diverse and complex, and few citizens
are able to focus on and stay informed about more than a
few issue areas. Beginning with the work of Gabriel
Almond (1950), social scientists have recognized that cit-
izens of complex modern societies must "specialize"
their political interests, following those issue areas about
which they feel they know the most or feel are the most
important to themselves, their families, their businesses,
or the country in general. This section presents study
data aimed at identifying public interest in a variety of
issue areas: it specifically focuses on the American pub-
lic's level of interest in. and degree (If informedness on,
science and technology.

Interest in S&T Issues
U.S. Public. The level of interest in science and tech-

nology in the United States has remained fairly stable
over the last 1-1 years) The results of public attitude
studies conducted for Science n Engineering Indicators in
1992 show that around the same proportionabout 37
percentof Amercians. have reported that they were

'Of the :! Indicators volumes published since 1/72. 10 have inclmkd a
clutpter on imblic attitudes toward and understandMg of I. data lur
the present chapter are drawn from two parallel studies conducted in 1902
and 1991, under the direcnon of tlu- Clncago Academy of Sciences. ;uul
sponsored by the Nationai i-cience Foumlation and the National histitutes
of Health. One study continued the core of attitude and knowledge items
from previous Science Engineering hulirators studies: it included tele-
phone interviews with a random-digit sample of 2.001 adults. The second
study attempk-d to measure public attitudes toward and understanding of
biomedical concepts and technologks. "I-he bkmiedical study was based
on a stratified random-digit sample of 3.111 interviews. See "Primary Data
Sources" for details on data access for these two studies.
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Figure 7-1.
Public interest and informedness regarding
selected issues
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1 I.

very interested in new scientific discoveries and new
inventions and technologies. (See figure 7-1.)

RegMning in 1985, public auitude st wiles conducted
for Science & Engineering Indicators have included ques-
tions about interest in new medical discoveries: the
results indicate a higher level of interest in those issues
than in economic, science, or technology issues. (See
figure 7-1.) Approximately two-thirds of American adults
have since reported that they are very interested in
issues about new medical discoveries, with only 3 per-
cent claiming to have little or no interest. Older adults
tend to be significantly more interested in new medical
discoveries than younger adults.

Individuals with higher levels of formal education and
more high school and college coursework in science and
mathematics tend to report higher levels of interest in
new scientific discoveries than do those with 12 or fewer
years of formal education. (See figure 7-2.) In 1992.
respondents with a graduate or professional degree
reported a high level of interest in new scientific discov-
eries (44 percent). while adults with 9 years of schooling
or under evinced less interest (32 percent). These data
indicate a correlation between level of schooling/course-
work and degree of interest in these areas. No similar
relationship exists with regard to issues on the use of
new inventions and technologies.

Interest in space exploration was highest among college
graduates and lowest among citizens with less formal

Figure 7-2.
Public interest in and informedness on
science and technology: 1992
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Five Basic Concepts for Thinking About Public Attitudes and Knowledge

The following concepts are useful in thinking about
public attitudes towards and understanding of science
and technology in general, and in understanding the spe-
cific research methods used in the major studies provid-
ing data for this chapter. (These studies are described in
"Primary Data Sources.")

Opinions: Opinions are lightly held dispositions
toward a given issi, person, or other attitude object
(Hennessy 1972). If asked about some issue that is
of little concern to a particular individual, that per-
son might give a response as part of a conversation
or interview, but that opinion is not salient to his or
her basic interests or values, nor is it likely to be sta-
ble over time.

Attitudes: Attitudes are dispositions toward an
issue. person. or other attitude object that reflect
important concerns and values (Hennessy 1972). A
person with a long-standing interest in a given area
will have firm feelings about that area. If asked
about an issue of major concern to them, most indi-
viduals can provide a detailed and logically consis-
tent response, reflecting their previous thinking on
that issue and its connections to their other con-
cerns and values. Attitudes, in contrast to opinions,
tend to be stable over time and integrated into an
individual's broader set of values and concerns.

Issue interest: Issue interest is a relative measure,
both conceptually and empirically. In 1992 and pre-
vious Science & Engineering Indicators studies, indi-
viduals have been asked to indicate whether they
were "very interested, moderately interested, or not
at all interested" in each of a set of public policy
issue areas. The use of this trichotomous self-report
was first validated in a 1979 study where the level of
self-reported interest was highly correlated with the
selection of newspaper headlines and stories that
individuals indicated they were likely to read
(Miller, Prewitt, and Pearson 1980). Although there
is no universal metric underlying this set of ques-
tions, the distinction betwcen "very interested, mod-
erately interested, and not at all interested" reflects
the relative level of interest the responding individu-
al assigns to each issue area. Since the number of
issues that an individual can follow effectively is lim-

ited, these responses provide an indicator of those
areas each individual considers to be of greatest per-
sonal interest (Miller 1983a).

Objective level of understanding: As used here,
the objective level of understanding is a reflection of
the number of selected scientific and technical con-
cepts that were correctly identified by interview in
1992 and earlier studies. This allows the construc-
tion of a measure of the level of understanding of
S&T held by adults in the United States and other
countries. Note, however, that interviews (by tele-
phone or in person) are able to assess a selected
range of concepts and generally cannot measure
either indepth understanding of concepts or the
ability to use and apply these concepts in practical,
hands-on settings. Nonetheless, it is useful to be
able to distinguish between those citizens who have
a minimal level of understanding of various scientif-
ic concepts, such as the structure of matter and of
the solar system. the dynamics of certain key
aspects of the planet on which we live, and basic
concepts about the origins and survival of plant and
animal life, and those who do not understand those
basic constructs.

Subjective level of understanding: Apart from
some objective metric of understanding, individuals
have a subjective metric that allows them to classify
themselves as "very well-informed, moderately well-
informed, or not very well-informed" about selected
issue areas. Although those individuals who are
objectively more knowledgeable are significantly
more likely to describe themselves as being very
well-informed, there are some individuals who have
a relatively high level of understanding as measured
by objective indicators, who aware of the depth of
understanding held by professionals in the field,
describe themselves as moderately well-informed.
Conversely, some individuals who feel well-
informed may not display a high objective level of
understanding. The point of this concept is that indi-
viduals who think they are very well-informed are
significantly more likely to participate in public poli-
cy disputes than are citizens who have some
doubts about their level of understanding
(Rosenau 1974 and Miller 1983a).

education: however. the proportion of adults reporting a
high level of interest in issues about the use of nuclear
power and about environmental pollutiou was not related
to either the level of formal schooling or the level of sci-
ence and mathematics coursework.

This pattern of differences by level of education
appears in analyses throughout this chapter. Science and

scientific issues are seen as more difficult subjects that
require more study or knowledge than other kinds of
issues. Technologiesor technology-related issues such
as nuclear power and environmental issuesappeared
to be more familiar to more respondents, and might be
seen as more directly affecting their lives. Therefore,
interest in these technological areas appears to be less

2 2 6
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Primary Data Sources

The analysis reported in this chapter rests primarily
on four major data sources, as described below.

NSF Survey of Public Understanding of
Science and Technolo, 1979-92: NIost of the
U.S. data in this chapter come from a series of
national surveys funded by the National Science
Foundation (NSF). The most recent survey, con-
ducted in 1992, consisted of telephone interviews
with 2,001 adults aged 18 and over in a national
probability sample. It contained a core of questions
that have been asked in these studies since 1979.

N1H Survey of Public Understanding of Bio-
medical Concepts, 1993: In a joint program with
NSF, the National Institutes of Health (tial) spon-
sored a national study of public understanding of
biomedical concepts. A total of 3.111 telephone
interviews were conducted, using a national sample
stratified by race/ethnicity. Within each stratum, a
national probability sample was selected, but over-
samples of college graduat2s were collected in the
black and Hispanic strata to compensate for the dis-
tribution of educational attainment. The final analyt-
ic file was weighted to reflect the U.s. population.

Eurobarometer 38-1: Continuing its 20-year
series of biennial surveys, the Commission of the
European Communities conducted a survey of
13,024 adults in its 12 member nations in fall 1992.
The interviews were conducted in person in the
native language of the respondent.

Japan National Study, 1991. Sponsored by the
National Institute of Science and Technology Policy
NISTEP), the 1991 study was based on in-person
interviews with 1,457 adults aged 18 and over. A
core set of questions were designed to allow com-
parisons with the Eurobarometer studies and the
t..s. Science Indicators studies.

Data Availability. The Eurobarometer data can be
obtained from Zentralarchiv fur Europaische Social-
forschung, Köln Universitat. Germany (Fax: 49-22 1-
176-9444) and Institute of Social Research,
University of Michigan, USA (Fax: (1)-313-747-45-
75). Data for all four sources are available from the
International Center for the Advancement of
Scientific Literacy, Chicago Academy of Sciences.
(Internet: icasl .mcs.com) Fax: (312) 549-5199
Phone: (312) 549-0606

related to formal schooling. Space exploration, while
depending on a wide range of technologies, tended to be
less salient to most respondents.

International Comparisons. Looking at the patterns of
interest in these same four issue areas in Japan and the
12 nations of the European Community, thei.nited States
ranks ninth with regard to the level of interest in issues
about new scientific discoveries, sixth regarding the use
of new inventions and technologies, and sixth regarding
environmental issues. (See figure 7-3.) It ranks first in
the proportion of citizens expressing a high level of inter-
est in new medical discoveries. \rely high levels of citizen
interest in all four issues were found in France, the
Netherlands. Italy and Greece. Japan ranked last, or next
to last, in level of citizen interest in all four -,&-r-related
issue areas.

Informedness on SSET Issues
U.S. Public. Despite their high level of interest in sci-

ence and technology, only about 1 in 10 American adults
thinks of him or herself as very well-informed about
either new scientific discoveries or the use of new inven-
tions and technologies. Since the initiation of this ques-
tion series in 1979, not more than 14 percent of Ameri-

.7".

4: ,. "I

can adults have been willing to classify themselves as
very weifinformed on these issues. (See figure 7-1.) In
1992, only 12 twrcent of American adults claimed to be
very well-informed about new scientific discoveries, and
only 10 percent made this claim regarding issues on the
use of new inventions and technologies. A similar pro-
portion indicated that they were very well-informed on
issues about the use of nuclear power. Nearly twice as
many Americans thought of themselves as very well-
informed about new medical discoveries (slightly over 20
percent). This level of self-reported knowledgeability has
been stable since it was first measured in 1985.

The proportion of Americans who feel well-informed
about ecommic and business condition issues has remained
in the mid- to upper 20-percent range throughout the
1980s. (See figure 7-1.) In 1992, nearly 30 percent of
Americans thought they v.ere very well-informed in this
areathe same proportion as in 1981, a period of intense
public discussion of economic issues.

For virtually every issue area. the proportion of
Americans reporting a high level of informedness is signif-
icantly lower than the proportion reporting a high level of
interest. Although the level of interest in scientific and
technical issues has remained high, fewer than one in
three respondents think of themselves as well-informed
about these same issues.

0 9



Science & Engineering Indicators 1993

Significant differences in level ot informedness exist
among various segments of the public. Higher propor-
lions of adults with more formal education reported that
they were very well-informed about new scintific dis-
coveries and space exploration. This pattern was not as
clear with regard to issues on the use of new inventions
and technologies, new medical discoveries. and environ-
mental pollution, (See figure 7-2.) In all of the areas
included in the study, there was a tendency for a rela-
tively high proportion of respondents with 9 years or
less of formal schooling to claim to be very well-
informed. (See appendix table 7-5.) Given the results on
actual knowledge tests, this high response rate may be
a reflection of not knowing enough about these complex
fields to be able to assess their own level of knowledge-
ability accurately.

International Comparisons. When adults from 11
nations were asked to iffsess their level of informedness
in these same four areas (new medical discoveries, new
scientific discoveries, new inventions and technologies.
and environmental pollution), fewer than half of those
who claimed to be very interested in each area were will-
ing to classify themselves as very well-informed in that
area. The relative ranking among the nations changed
only moderately. (Compare figures 7-3 and 7-4.)

A higher proportion of Americans thought of them-
selves as very well-informed about new medical discover-
ies than did citizens in any other nation. The proportion
of Americans claiming to be very well-informed about
new scientific discoveries, the use of new inventions and
technologies, and environmental pollution was higher
than the European average. (See figure 7-4.) About 1 in
10 Americans and Europeans thought they were very
well-informed about new scientific discoveries and new
technologies. Generally, within the European
Community, higher proportions of French. Dutch.
Luxembourg and Danish citizens thought of themselves
as well-informed across these four areas than did other
national groups. Among all countries studied and for all
topic areas. Japan had the lowest proportion of citizens
claiming to be very well-informed.

Attentiveness to S&T Issues
The United States is a pluralistic society. Some individ-

uals may have a strong interest in economic, agricultur-
al, or foreign policy issues, and less interest in issues
involving science or technology. Conversely, other indi-
viduals may follow ti&T policy issues closely, but have lit-
tle interest in agricultural, housing, transportation, for-
eign policy. or other issues. It is impossible for all
citizens to pay attention to every issue area. Thus, in this
competition for attention and involvement, it is useful to
examine the levels of interest the public devotes to sci-
ence and technology and to seek to identify those seg-
ments of the public that report the highest levels of inter-
est in. informedness on, and attention paid to scientific
and technical issues.
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Figure 7-3.
Interest in scientific issues, by country: 1992
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See appendix table 7-3. Science & Engineenng Indicators-1993
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Figure 7-4.
Informedness on scientific issues, by country: 1992
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See appendix table 7-6. Science & Engineering Indicators - 1993

Citizens who display a high kwel of interest in an issue
area, will believe that they are well-informed about it,
and who display a pattern of current information con-
sumption are classified as attentive to that issue.'
Individuals with a high level of interest in an area, but
who think of themselves as not being well-informed
about that area, are classified as members of the interest-
ed public. Those without a high level o1 interest in an
issue area are referred to as the residual public in that
issue area.

Approximately 10 pet-cent of American adults (or about
18 ntill ion ndivkluals) mre included in the attentive public
for science and technology policy. (See figure 7-1.) This
proportion is slightly down from 1979. Comparatively, the
proportion of adults attentive to economic issues and to
new medical discoveries increased in the early 1980s to
slightly less than 20 percent of the adult population and
remained al that level for the last decade. About one in tive
Americans was attentive to issues about environmental pol-
lution in both 1990 and 1992. (See appendix table 7-7.)

A higher proportion of males was attentive to svr poli-
cy than females, but the difference was not substantial.
(See figure 7-5.) Interestingly, attentiveness to S&T policy
was not significantly associated with the level of formal
education completed.

These results indicate that the pool of likely citizen
participants in a policy dispute involving SWF' would be

Tor a general discussion of the concept of issue anentivencs,, ou
Almond (195(1). Rosenau (1974). and Miller (1983a).

Figure 7-5.
Attentiveness to science and
technology policy: 1992
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See appendix table 7-8. Science & Engineering Indicators -1993
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limited to about 10 percent ot the total adult population.
Previous research suggests that only a small pmportion
of this group would likely be mobilized to participate
actively in the d(.'bate by writing letters or calling legisla-
tors (Rosenau 1)71 and Nliller l983a).

Sources of information
Information Sources for S&T. Given the pace of

change in science and technology, most individuals can-
notin their adult roles as worker, consumer. parent.
and citizenrely solely On the science and mathematics
they inay have learned in school. This section explores
the alternative sources of information the public uses
most frequently to learn about new developments in :No.

and the trust citizens have in these sources.
Television continues to be the most frequently used

information source. Ninety-five percent of American
respondents indicated that they watched at least an hour
of television news almost every day. Nearly two-thirds
reported listening to an hour or more of news on the
radio almost every day. On the print side, 5ti percent of
adults reported that they read a newspaper almost every-
day, while 28 percent read a news magazine regularly.
Conversely, only 9 percent of adults reported that they
read a science magazine regularly. This array of results
points to a high level of information consumption in both
the broadcast and print media among American adults.
(See figure 7-(i.)

Figure 7-6.
Public use of selected information sources: 1992
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Figure 7-7.
Primary source of health information: 1993
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See appendix table 7-10. Science & Engineenng Indicators - 1993

Seventy percent of the respondents reported that they
used a public library at least once during the previous
year: 42 pc rcent indicated that they visited live or more
times. Note, however, that although public libraries pro-
vide access to a wide array of books, magazines, and ref-
erence materials, many also lend out videotapes and
other kinds of entertainment media.

Primary Information Sources for Health and
Meu.zal Topics. Additional insight can be gained on
how individuals obtain informationand how much they
trust those sourcesby looking at data on how the pub-
lic obtains information on health and medical topics. A
1993 study of the public understanding of biomedical sci-
ence asked respondents to report their primary source of
information on health and medical issues." Respondents
were also asked how much they would trust selected
sources for information about heart disease and for infor-
mation concerning how to lose weight.

Approximately one-third of American adults reported
that they get most of their health information from televi-
sion: another third reported that they relied on either
newspapers or magazines: and a little under a sixth said
they got most of their health information from a physi-
cian. (See figure 7-7.) In broad terms, better educated
respondents reported greater reliance on print materials,
while less well-educated individuals relied more often on
television. There were few differences between men and
women, with men relying slightly more on newspapers
and women relying slightly more on magazines.

When asked how much they would trust information
from each of these sources on two different health topics
(heart disease and weight loss), major differences
emerged. Individuals reported that they had more confi-
dence in information on heart disease from each source

The 1993 study ot the public understanding of biomedical concepts
was supported by the National institutes of Health in cooperation with
the National Science Foundation. A more complete description of the
study is included in "Primary Data Sources."
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Figure 7-8.
Public trust in various health information
sources: 1992
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than they would have ill information front that same
source concerning losing weight. (See figure 7-8.) A
large segment of the public apparently has little confi-
dence in weight loss information, possibly reflecting the
commercialization of this topic and the frequent media
pronmtion of special diets.

Within each subject area. Americans reported major
differences in tin level of conlidence in information by
source. (See figure 7-8.) About three-quarters of the
respondents reported a high level of confidence in infor-
mation from a physician concerning heart disease: such
confidence was expressed by only 12 percent for infor-
mation on this topic provided on a television talk show. A
similar pattern of trust was reported for information
about weight control or loss, exceptas noted above
the overall level of confidence was lower. Thus, nearly 70
percent of respondents reported that they would have a
high level of confidence in weight loss information from
a physician, and fewer than 10 percent would trust infor-
mation from a television talk show. A very small propor-
tion of respondents reported a high level of confidence
for information from a local newspaper.

In general, better educated respondents were more
likely to trust information from the National Institutes of
Health (N111) or a scientist than were less well-educated
individuals. Respondents with less formal education
were more likely to trust information from a television
news or talk show than were better educated individuals.
There were no substantively important differences in
information trust between men and women.

,

Looking at the data in terms of primary health informa-
tion source reveals some interesting insights. (See text
table 7-1.) For the topic of heart disease, only those adults
who cited their physician as their primary source reported
a high level of confidence in their primary health informa-
tion source. Among those citing television as their primary
health information source, only a third had a high level of
confidence in information front a television news show,
and only about a sixth (15 percent) had a high level of
confidence in information from a television talk show.

About half of the respondents who cited magazines as
their primary health information source indicated that
they would have a high level of confidence in heart dis-
ease information obtained from a magazine like Time or
Newsweek. In contrast, among those adults who reported
that they relied on newspapers as their primary health
information source. only 10 percent indicated a high
level of confidence in heart disease information pub-
lished in their local newspaper.

Ile level of confidence in information about weight
loss was significantly lower than the level of confidence
in information about heart disease, regardless of tin'
information source or the specific medium. As suggest-
ed above, it is likely that this result reflects the more sci-
entific and "credible" character of heart disease informa-
tion and the more commercialized approach to weight
loss in most media. Nloreover, it demonstrates that most
segments of the public make some distinctions about the
credibility of health-related information sources.

Attitudes Toward S&T
Within these patterns of issue interest, informedness,

and information acquisition, it is important to understand
the attitudes of Americans toward science and technology
in general and toward some current policy issues. The
preceding indicators of interest, informedness. and infor-
mation acquisition have been content neutral. For exam-
ple. some respondents who reported a high level of inter-
est in new scientific technologies or the use of new
inventions and technologies may hold very positive atti-
tudes toward organized science or toward specific science

Text table 7-1.
Trust in health Information, by primary source of
information: 1992

Primary source

Heart disease Weight loss

High Low N High Low -1:1

Percent-- Percent
TV evening news 33 9 494 17 28 498
TV talk shows 15 42 494 12 51 498
Local newspaper . 18 14 278 12 32 300
Time or Newsweek . . 52 7 175 24 19 217
Physician 86 3 212 76 3 240

SnURCE: Miller and Pifer, 1994a.
Science & Engineering Indicators - 1993 .
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policy issues. while oth(r individuals reporting the same
level of interest may hold negative or opposing attitudes.
Analysis of these differences can hell) in understanding
the landscape of public interest and informedness, as well
as in grasping the subsumce Of the public's thinking about
science and technology.

'rids section focuses on the pattern of general attitudes
toward science over recent decades ;Ind examines the dis-
tribution of attitudes among selected segments of the pub-
lic. Beyond broad general attitudes, this section examines
public expectations about future outcomes of skT, current
assessment of the benefits and risks of scientific research,
and preferences regarding government spending for svt .

General Attitudes Toward S&T
U.S. Public. Periodic surveys of public attitudes

toward organized science over the last decade indicate
that most Americans continue to hold a positive victv of
science and technology. A four-item scale reflecting
general attitudes toward 54T. referred to as the Attitude
Toward Organized Science Scale (Arw,$), shows a posi-
tive stable attitude toward (wganized science over the
last decade. (See text table 7-2.) Individuals with ldgher
levels of formal education tended to hold more positive
views of organized science than did less well-educated
respondents. Similarly, a Itigher proportion of citizens
who were attentive to sz!'r policy held more positive atti-
tudes. By 1993, there were no differences in the atti-
tudes of men and women toward organized science.

International Comparisons. A higher proportion of
Americans hold positive attitudes toward science and
technology than do the citizens of Japan and the
European Collifininity. While over 80 percent of both
Americans and EuropeaLs agreed that s&T are making
"our lives healthier, easier, and more comfortable."
fewer Americans (38 percent) thought it made "our way
of life change too fast," compared to the majority of
European Community (55 percent) and Japanese (57
percent) respondents. (See appendix table 7-14.)

When asked to assess the impact of computers and
factory automation on the creation of new jobs, Japanese
residents were the most optimistic, with 43 percent
agreeing that computers and automation would create

'"Organized science" refers to du- laud scientific and engineering
community. It is a shorthand reference that should be interpreted to
inclwle scientists. engineers. and related support personnel and Ihe

institutions iii which they work.
SubstanIkeh dn. four items in the \It iss Scale cover some impor-

tant aspects at general attitudes toward organized science. Specifically.
respondents are asked to react to the statements "science and u.chmd-

ogy are making aur live.; healthier, easier, and more comfortable":
-science makes our way al life change too last": and "we depend taa
much on science and not enough on faith." fourth component on
the scale asks respondents to make a relative judgnwnt about de' ben-
efits and potential harms of sdentific research. Tile scak. score is cal-
culated by counting the number of responses that represent a positive
assessment of organiml science. The scale ranges from () to 4. life
value of using a scale is that it reduces response en-or and provides a
inure accurate estimate than would use ot any one item alone.

'4 :
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Text table 7-2.
Mean scores on the Attitude Toward Organized
Science Scale

1983 1985 1988 1990 1992

All adults . . 2.3 2.5 2.7 2.6 2.7

Males 2.2 2.4 2 6 2.5 2.7

Females 2.5 2.6 2 8 2.8 2.6

Less than high school
degree . . 1 8 1 8 2.2 1.8 2,0

High school degree . 2.4 2.6 2.8 2.7 2.7

College degree 2.8 3.1 3.2 3.2 3.2

Graduate/protessional
degree 2.9 3.1 3.1 3.2 3.3

Attentive public . . 2.6 2.8 3.0 2.8 2.9

Interested public 2.4 2.6 2.8 2.7 2.8

Residual public 2.1 2.3 2.5 2.5 2.5

NOTE. Data represent mean scores on a scaie of lour items

See appendix table 7-13. Science & Engineering indicators -1993

more jobs than they would eliminate, lit contrast, only 19
percent of European adults shared that view. Among
Americans. 39 percent agreed that nu we jobs would be
created than eliminated.

Confidence in Institutional Leadership
Over the last 20 years, the General Social Survey P;ss)

has asked national samples of American adults to rate
their confidence in the leadership of major national institu-
tions.' Consistently over this period, the leadership of
medk.al and scientific communities has been among the
most Misted in the nation-inore so, fm-exa,itple, than the
leadership of the Supreme Court. (See figure 7-9,) In 1993,
approxiinately 40 percent of American adults expr(sstql a
high level of confidence in the leadership of these coninm-
nities, a slight increase over the 37-percent level in 1990.

The public tends to regard the leadership of the press
and of television with a relatively low level of confidence.
In the context of the above analysis of inftwmation sources
and public confidence in them, these results suggest that
there is a broad and continuing low level of trust of televi-
sion and of newspapers and other print media. The relative
levels of confidence reported regarding heart disease and
weight loss may reflect a more generic distrust of media.

Attitudes Toward the Work of Scientists
While the public generally holds positive attitudes

toward the leadership of organized science and toward
organized science as an institution, they hold mixed
views of the work of scientists. (See figure 7-10.) In 1992,

Since 1072, the National Opinion Research Center at the University
of Chicago has conducted a national survey of social attitudes. reterred
to as tin' General Social Survey. Using personal interviews. the 0.ss has
collected data from a national probability sample of approximately
1.300 individuals annually or biennially. Sm Davis and Snnth (10931.

'32
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Figure 7-9.
Public confidence in leadership of selected
institutions
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Figure 7-10.
Public attitudes toward scientists: 1992
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nearly 80 percent ()I Americans thought that scientists
"want to work on things that will make life better for the
average person.- I loweyer, over 50 i)ercen I agreed with
the statement that "many scientists make dp or falsify
reseztrch results to advance their careers or make
money." T110 tendency to believe that many scientists fat-
sitY results was only partially offset bv a recognition that
the scientific tradition of repeating other scientists' work
provides a check on fraud or cheating.

Overall, better educated respondents were more likely
to concur that traditional repetition and checking will
detect and prevent fraud and less likely to agree that
many scientists falsify research results. And approxi-
mately 80 percent of all adultsregardless of sex or edu-
cation levelagreed that most scientists want to work
on things that will benefit the average person.

Expectations for S&T
When asked to think about the likelihood ol future sci-

entific achievements. Americans (isplay both optimism
and pessimism. (See figure 7-1 1.) For exam*.

Figure 7-11.
Expected results from science and technology: 1992
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45 percent of Nmericans think that medical scien-
tists will find a cure for the common forms of can-
cer within the next 25 years, 40 percent anticipate
the development of a vaccine for Alps, and 44 per-
cent expect that new medical technologies will be
developed to extend the average lifespan to 90 or
more years in the United States: but

nearly half expect a major nuclear power plant acci-
dent within the next 25 years. half think that there
will be "a significant deterioration in the quality of
our environment" over the next quarter century,
and a quarter think it is very likely that a "danger-
ous manmade organism" will be released into the
environment accidentally in the next 25 years.

Clearly, most Americans expect a mixture of beneficial
and harmful results from science and technology.

Consistent with the previous results, individuals with
higher levels of formal education were more likely to
anticipate positive results from science. Rut there was
no significant difference by level of education in the
expectation of a nuclear power plant accident or the
deterioration of the environment. There was a weak
relationship between the level of education and the
expectation of the release of a dangerous manmade
organism, but this may be a reflection, in part. of a dif-
feremial level of understanding of the concept of
"manmade organism.

Impact of S&T
In 1985 and 1992, national sa,nples of individuals were

asked to assess whether swr had a positive, negative, or
no impact on several aspects of the quality of life.
Comparing the results from these two surveys reveals a
very positive attribution to science and technology of a
high standard of living, improved working conditions,
improved public health, and an increased enjoyment of
life by individuals. (See figure 7-12.) Even in the case of
world peace, a plurality of respondents in both years
thought that the contribution of s&T had been more posi-
tive than negative; this margin of difference increased
between 1985 and 1992.

Individuals with higher levels of formal education
tended ,o hold more positive views of the contribution of
science and technology to the quality of life, possibly
reflecting qualitative differences in quality of life experi-
ences by the different education strata in American soci-
ety. There were no significant differences between the
assessments of men and women on ti&T's impact on the
quahty of life, and there were no differential changes
between 1985 and 1992.

Note too that these data were collected before the movie "Jurassic
Park" was released. and so are unlikely to relied the genetic engineer-
ing concerns popularized by the book and movie.

t
. .

Figure 7-12.
Impact of science and technology on quality of
life issues: 1992
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Assessment of Benefits and Costs
U.S. Public. Most Americans believe that science and

technology have produced both desirable and undesir-
able results, and expect these mixed results to continue.
The public attitude studies conducted for Science S.:
Engineering Indicators since 1979 have asked national
samples of Americans to determine whether, on balance,
the results have been more beneficial or harmful. Their
responses indicate that at least 7 of 10 Americans have
concluded that the balance has favored beneficial results
throughout this period. (See figure 7-13.) Fewer than
one in five Americans reached the opposite conclusion
during this 14-year period.

Seventy-three percent of all adults in 1992 concluded
that the benefits of scientific research outweighed its
harmful consequences: better educated respondents
were more likely to assess the balance as strongly favor-
ing beneficial over harmful results. This finding may indi-
cate that more expsure to education or to science and
mathematics results in a more positive assessment of the
net benefit of S&T to society.

International Comparisons. In comparisons with
other industrial nations, residents of the United States

2 3 4
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thc 1110til likely to conclude that the benefits 01 .cien-
title research have outweighed any actual or possible
harm, followed by those of Denmark, Spain. and France.
(See figure 7-1.I.) Japanese citizens were the least likely
to believe that the benefits outweighed the possible
harms, with only 40 percent of Japanese respondents
holding that view.

Attitudes Toward Government
Spending for S&T

Another estimate of public attitudes toward science and
technology can be obtained by asking respondents to
assess government spending for various kinds of programs.
Since few citiwns have a clear understanding of what the
actual government expenditures are for specific programs.
the results of inquiries about government spending should
be taken as a general indicator of the importance that a
I-Ctipt indent attaches to various programs:

Over the last decade, 3 I percent of those surveyed
reported that they think the government is spending too
little on scientific research. while fewer than 20 percent
indicated that the government is spending too much. (See
figure 7-15.) A near majority of Americans think that the

hir a variety ol reasonsincluding the intanuiblc. abstract nature
id the large sums invoived in tederal budgetsonly in the rarest of
cases does a survey response represent a real. informed budgetary
judgment.

Figure 7-13
Assessments of scientific research over time
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level (If government support for scientific research is "about
r;ght." Individuals with high levels of fonnal education and
oose Mu) are attentive to sm' policy were more likely to

think that the government is spending too little for scien-
tific research. (See appendix table 7-20.)

In comparison, a substantial majority of Americans
reported in 1992 that they thought the government was
spending too little on improving education (81 percent),
iinproving health care (7r1 percent) , helping older pet-sons
(73 percent), reducing pollution (72 percent), and helping
low-income people (5( percent). Forty pet-cent of
Americans thought that the government is spending too
much on defense: about 50 percent thought the govern-
ment was spending too much on space exploration. Taken
as indicators of support rather than as funding judgments
per se (see above), these results suggest that most
Americans favor continuing the present levels of support
for scientific research and an increased emphasis on edu-
cation, health. and related social programming.

Public Understanding of Science
In many nations throughout the world, there is broad

agreement that economic, social, and political advan-
tages exist in increasing the proportion of the population
that is scientifically literate (Miller 1)83b). Setting aside
the construction of a single definition of scientific litera-
cy, it is useful to look at the level of public understanding
of major terms and concepts in basic science, in bio-
medicine, and in ecology.

Figure 7-14.
Assessments of scientific research,
by country: 1992
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See appendix table 7-14. Science & Engineering Indicators - 1993
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Figure 7-15.
Preferences for government spending: 1992

Government is spending too little on ...
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NOTE. See appendix table for exact wordings of statements.

See appendix table 7-19 and 7-20.
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Understanding of Scientific Terms and
Concepts

The process of information acquisition in today's
world requires citizens to be able to read about current
developments in science and technology. One prerequi-
site for effective information acquisition about s&T is the
possession of a basic vocabulary of scientific terms and
concepts. The 1992 Science & Engineering Indicators
study included a set of questions on basic scientific
terms and concepts to use in understanding key aspects
of the our world. (See figure 7-1(1.)

U.S. Public. A substantial majority of Americans
understood that oxygen comes from plants, that the cen-
ter of the earth is very hot, that continents move on the
surface of the Earth (i.e., plate tectonics), that light trav-
els faster than sound, and that all radioactivity is not
manmade. However, fewer than half of the respondents
knew that the earth travels around the sun once a year
or that electrons are smaller than atoms: about the same
proportion did not accept the idea of evolution. While the
responses indicate some understanding of the planet, a
majority of adults apparently do not understand the
nature of the solar system or the origins of stars or
galaxies. The American understanding of science is.
indeed, rather earthbound.

International Comparisons. The United States
ranked in the top third of the countries from which data
are available on public understanding of scientific terms
and concepts. Using a set of 12 items to gauge public
understanding. the United States ranked fourth, trailing
Denmark. the United Kingdom, and France. (See figure

20 40 60 80 100
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7-17.) Across the 12 items, U.S. respondents had a mean
percentage correct of 58 percent, compared to 55.5 per-
cent for the European Community.

In the 1991 Japanese study, only ii of these 12 items
were asked. (See appendix table 7-22 for the exact com-
ponents of the (3- and 12-item scales.) A similar mean

Figure 7-16.
Knowledge of basic scientific terms
and concepts: 1992
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See appendix table 7-21. Science and Engineering Indicators 1993
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Figure 7-17.
Knowledge of basic scientific terms and concepts, by country: 1992
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NOTES: Respondents demonstrated their understanding of 6 or 12 basic scientific and technical terms and concepts (see appendix table for exact question
wording); data reflect mean percentage correct for respondents within each country. Japanese data are for 1991; no data are available for Japan on the
12-item scale.

See appendix table 7-22.

percentage correct score was calculated for all 14 coun-
tries on these six items. On this shorter index, the
IJnited States ranked fifth, following Denmark, the
United Kingdom, France, and the Netherlands. Japan
ranked 12th on this scale, with a mean percentage cor-
rect of 41 percent.

Understanding of Biomedical Terms
and Concepts

To understand public policy discussions and to make
decisions concerning personal health, it is increasingly
useful for an individual to understand basic genetic and
biological concepts. A 1993 national study cosponsored
by NIH and NSF asked respondents about a set of basic
biomedical terms and concepts. The results indicate a
generally higher level of comprehension than the pre-
ceding set of scientific terms and concepts, but there are
still important areas of misunderstanding.

Over 80 percent of adults understood that not all bac-
teria are harmful to human beings, and 77 percent recog-
nized that the human immune system can protect indi-
viduals from both viruses and bacteria. (See figure 7-18.)
Previous Science & Engineering Indicators studies found
that only 35 percent of American adults knew that antibi-
otics do not kill viruses.

About 75 percent of Americans knew that human intel-
ligence is not related to the size of the brain, and 63 per-
cent thought that the process of evolution is continuing
presently. This latter response is confusing, since only
41 percent of respondents in the same 1993 study indi-

!.

4.11 3
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cated that they thought human beings had developed
from earlier species of animals. In any case, these results
suggest that there exists a substantial level of confusion
in the public about the scope and nature of evolution.

Six of ten Americans thought that DNA regulates inher-
ited characteristics in both plants and animals, but in a
separate open-ended question about the meaning of DNA,
oniy 20 percent of respondents could provide a response
that included the regulation of heredity. In the open-
ended format, an additional 20 percent could link DNA to
the words "gene" or "chromosome," but it was unclear
from the total response whether they understood the
linkage to inheritance. From these results, it appears
that an increasing proportion of Americans are becom-
ing familiar with the term DNA and the concept of genetic
control of inherited characteristics, but that many adults
are still confused about these concepts.

Understanding of Environmental Terms
and Concepts

As governments struggle to understand and cope with
environmental issuesfrom the thinning of the ozone
layer to the pollution of the oceansit will be important
for a significantly large segment of the public to under-
stand both the nature of environmental problems and
the available public policy alternatives. In this context,
the 1992 Science & Engineering Indicators study included
a set of questions to measure the understanding of
selected environmental terms and concepts. (See
"Environmental Interest and Knowledge in the European
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Community and the lThited States" for international com-
parisons in this area.)

The results of the 1992 study point to substantial gaps
in the public understanding of environmental science con-
cepts,.When asked in an open-ended fm-inat to explain the
causes of acid rain. only 8 percent of American adults
could provide a minimally correct response and an addi-

tional 5 percent could provide some general description of
its effects. (See figure 7-19.) Nearly 40 percent referred to
acid rain as a form of pollution, but could provide no addi-
tional details about its origins and consequences.

A larger proportion of the public was able to demon-

strate a minimal understanding of the thinning of the
ozone layer. When asked a series of open-ended ques-
tions about the thinning of the ozone layer, 25 percent of

American adults could provide a minimally acceptable
explanation for the thinning of the layer." and 42 percent
were able to describe correctly some of its harmful con-
sequences. (See figure 7-19.) However, only 7 percent of
respondents could correctly identify the location of the
maior thinningor holein the ozone layer.

-Correct- in this case refers to the ability to describe correctly the

roles of chlorofluorocarbons o. st or chlorine atoms in the process ot
creating the hole. or the ability to identify the technolotjes----aerosol

-.prays. refrigerants. iind styrofoam manutacturingthat release most
of the Fus.

Figure 7-18.
Knowledge of biomedical terms and concepts: 1993
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When asked a series of true-false questions about
environmental issues. 73 percent of adults agreed that a
hole in the ozone layer would cause skin cancer. and 89
percent agreed that acid rain would damage forests.
Forty-five percent agreed that the greenhouse effect
could raise the level of the oceans. But only 16 percent
recognized that car exhaust fumes do not contribute to
the acid rain problem.

These results point to a high level of public concern
about the environment, albeit with certain significant
misunderstandings about basic terms and concepts. Acid
rain appears to be seen as a negative phenomenon asso-
ciated with pollution, but it is poorly understood. There
is a reasonably high level of awareness of the health (Ian-

gers entailed by a thinning of the ozone layer, but there
is less understanding of its causes or location.

Understanding of the Scientific Approach
Several Science and Engineering Indicatm studies have

included items concerning the understanding of the scien-
tific process. Both the 1992 Science and Engineering
Indicators study and the 1993 NM-NSF study included
questions probing knowledge in this area. Each respon-
dent was asked to define the meaning of a scientific study;
these open-ended responses were coded independently.

NOTE: See appendix table for exact wordings of statements.

See appendix table 7-23
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_

Response.-; that characterized a scientific study as build-
ing theory. seeking to falsify or test hypotheses, doing
experimental studies. or engage in careful comparative
study were classified as correct. Responses that charac-
terized science only in terms of measurement were clas-
sified as incorrect, as were answers like "what scientists
do in their laboratories." iTsing this coding scheme,
about one in five American adults was able to provide an
acceptabk. definition ot a !-.cientitic study Miller. 1991 and
Miller and Pifer, 1993b).

In the 1993 NM study, each respondent was presented
with this problem:

"Two scientists want. to know if a certain drug is
effective against high blood pressure. The first sci-
entist wants to give the drug to 1,000 people with
high blood pressure and see how many of them
experience lower blood pressure levels. The sec-
ond scientist wants to give the drug to 500 people
with high blood pressure, and not give the drug to
another 500 people with high blood pressure, and
see how many in both groups exiwrience lower
blood pressure levels. Which is the better way to
test this drug?"

Seventy-six percent of the respondents said that the
second approach was the best. On the surface, this
would suggest that most people understand the concept
of control groups. To explore the level of understanding
behind this choice, each respondent was asked to
explain, in an open-ended format, why their choice was
the better one. In this oontext. only 31 i percent of the
respondents in the study were z:'le to describe the use of
a control group and explain the reasons for this choice.
An additional 13 percent who had selected the two-group
choice did not provide any reason for the choice. And 24
percent who had selected the two-group study provided
incorrect explanations. Eight percent of the respondents
indicated that they selected the single group because
they thought that 1,000 cases would be better than 500,
and 4 percent rejected the control group choice becatne
they did not want to deny the medicine to persons with
high blood pressure.'"

The results of these two questions indicate that the pub-
lic's understanding of the scientific process is complex and
difficult to measure. Closed-ended questions may tend to
overestimate the real level of understanding, but open-
ended questions pose different problems in the probing and
coding of the responses. Although more work is needed in
this area, evidently not more than a third of American adults
have a minimal understanding of scientific processes.

"Note that current medical research would most likely focus on
comparing two studies of available therapies and new therapies and
would be unlikely to include a control group in which patients with an
illness or condition received no therapy at all. However. this question
was constructed to measure the public's understanding of a control
group, not their understanding (it control study design.

t

Figure 7-19.
Knowledge of environmental terms and
concepts: 1992
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'Responses were collected in an open-ended format in the telephone
interview.

See appendix tables 7-24, 7-25, and 7-26.
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Youth Understanding and Attitudes
Tomorrow's adults are today's elementary and sec-

ondary school students. Indepth analyses point to seri-
ous and continuing problems in the achievement levels
attained by u.s. students in science and mathematics."
The strong positive relationship observed in the Science
& Engineering Indicators data between the number of high
school and college science and mathematics courses
taken and adult understanding of scientific terms and con-
cepts demonstrates the important link between school sci-
ence achievement and adult understanding of science.

The Longitudinal Study of American Youth (LSAY)
which provides information on high school seniors has
been monitoring the development of middle school and
high school student attitudes toward and achievement in
science and mathematics over the last 7 years.'' To paral-
lel the adult Science and Enginering Indicators studies,

'See chapter I, "Student Achievement." for more detail: also see
Koretz 11991) and Research. Evaluation, and Dissemination Division
(1993). cliapter 1.

IliAY is a two-strand longitudinal study of a national sample of public
middle and high school students. Beginning in fall 1987. approximately
3.000 ith grade and 3,000 10th grade students have been monitored
regarding their attitudes, achievement, and career plans vis-a.vis sci-
ence and mathematics. In addition to student achievement tests and
attitudinal questionnaires, information has been collected each year
from each student's mathematics and science teachers and from one
parent. I.SAY is supported by an NSF grant.

0 1) n
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Environmental Interest and Knowledge in the European Community and the United States

Nearly 60 percent of the citizens of the European
Community and the United States reported that they
were very interested in environmental issues, in paral-
lel national studies conducted in late 1992. (See text
table 7-3.) Additionally, about a quarter of both
Europeans and Americans indicated that they felt
"very well-informed" about these issues.

When asked to rate their level of understanding of
several important environmental concepts, a higher pro-
portion of European Community adults were willing to
classify themselves as having a clear understanding than
were Americans. For example, regarding the hole in the

ozone layer, 44 percent of European adults, compared to
30 percent of American adults, reported that they had a
clear understanding of the problem. Similar patterns
were found for the level of understanding of acid rain, air
pollution, global warming, and the greenhouse effect.

Looking at the more objective measures of environ-
mental knowledge available for Europe and the United
States, a similar pattern was found. A higher percent-
age of European respondents provided correct
responses to most items than did the Americans. Over
30 percent of European adults, for example, knew the
location of the most serious thinning of the ozone
layer, compared to 17 percent of American adults.
Similarly, 81 percent of European adults recognized
that the thinning of the ozone layer can cause skin can-
cer, compared to 73 percent of Americans. The margin
of difference between the Europeans and the
Americans is not large, but it is consistent across envi-
ronmental knowledge questions. These differences
may provide an opportunity to study more carefully
the origins of public interest in public policy issues,
the perception of knowledgeability, and the acquisition
of relevant scientific and technical information.

Text table 7-3.
Adult interest in and knowledge about environmental
issues and concepts: 1992

European United
Community States

Interest in environmental issues
Percent

Very interested 56 59

Moderately interested 38 36

Not very interested 6 5

Informed about environmental issues
Very well-informed 25 29

Moderately well-informed 60 56

Poorly informed 14 15

Subjective environmental knowledge
Acid rain 40 32

Air pollution 57 52

Global warming 37 27

The hole in the ozone layer 44 30

The greenhouse effect 40 27

Objective environmental knowledge
Location of hole in ozone layer 31 17

Hole in ozone layer can cause
skin cancer 91 73

Greenhouse effect can reduce
deserts 47 32

Greenhouse effect can raise sea level 59 45

Acid rain can cause damage to
forests 90 89

Car exhausts have nothing to do with
acid rain 20 16

N =12.800 2,001

NOTES: There were slight variations in the wording of the questions
between the European Community and U.S. samples. The items measuring
subjective arid objective knowledge were asked of a random half of the U.S.
sample (N = 1.004). Percentages for the subjective items represent those
reporting "clear understanding." Percentages for the objective items repre-
sent percent correct.

SOURCE: J.D. Miller and LK. Pifer. 1993a.
Science & Engineering Indicators

high school seniors in 1990 and 1993 were asked a set of

attitude and knowledge items identical to those asked of

adults.

Understanding of Selected Terms and Concepts

In both 1990 and 1993, LSAY gauged seniors' under-

standing of common scientific concepts such as evolu-

tion, continental drift, and the nature of scientific theory.

(See figure 7-20.) In almost every area, the performance
of the 1993 high school seniors was lower than that of the

1990 seniors,
In 1993, 75 percent of the seniors agreed that smoking

causes serious health problemsa relatively low pro;

lion, given the extensive media and societal focus on this

issue. In fact, a full quarter of the students surveyed had

some doubts about the health hazards of smoking.

Responses to three other statements reveal a high
degree of student misunderstanding or uncertainty
regarding generally accepted scientific constructs.

Only a third of 1993 high school seniors accepted
the concept of evolution: almost a quarter did not.

Only 44 percent agreed that life could have devel-
oped on other planets.

Only 37 percent rejected the idea of lucky numbers.

Students exhibited much uncertainty in their responses.
About a third of the 1993 respondents answered "don't
know" to six of the seven statements.

On the other hand, the results indicate that slightly
more than 60 percent of high school seniors in 1990 and
1993 recognized that a scientific theory reflects scien-
tists' best understanding of how something works: and

ri n
'
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Figure 7-20.
Scientific understanding of high school seniors
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See appendix table 7-27.

1990 1993 1990 1993 1990 1993 1990 1993
seniors seniors seniors seniors seniors seniors seniors seniors

about the same proportion of 1990 and 1993 seniors
understood that scientific theories will change from time
to time. These results suggest that a larger proportion (>f
recent high school graduates than of comparable sam-
ples of t'.s. adults understand the scientific process.

Attitudes Toward S&P"
While high school seniors in 1990 and 1993 displayed

a generally positive attitude toward science and technol-
ogy, there were signs of reservation and wariness. Sixty-
two percent of 1993 seniors agreed with the statement
that "scientific invention is largely responsible for our
standard of living in the United States." In contrast, 85
percent of the adult population agreed that "science and
technology are making our lives healthier, easier, and
more comfortable."" (See figure 7-21 and appendix table

1.9-he attitudinal portion of the 1.:-;AY study included some attitude
items that had been previously used in national adult studies in the
United States and other countries. The wording is identical for most
items: there are minor differences on some items.

"Note that although the 1.s.Y and adult questions are not identical.
they both provide information on views of the role of ,..vr regarding
general well-being.

Science & Engineering Indicators 1993

7-13.) In both 1990 and 1993. only 3 percent of students
disagreed that S&T had made a major contribution to the
standard of living, but there was an increased level of
uncertainty in their responses.

There is, however, no evidence of a growth in negative
attitudes toward S&T among high school students. Only a
quarter of public high school seniors in 1990 and 1993
thought that "science is making our way of life change
too fast," and about the same proportion was willing to
agree that "because of their knowledge, scientific
researchers have a power that makes them dangerous."
Fewer than 10 percent of public high school seniors in
1990 and 1993 overtly disagreed that "scientific
researchers are dedicated people who work for the good
of humanity." (See figure 7-21.)

Most (52 percent) high school seniors were uncertain
about the potential impact of computers and automation
on jobs, and the balance was almost evenly divided
between optimists and pessimists. Among 1993 seniors,
26 percent indicated that they expected computers and
factory automation to create more jobs than they would
eliminate, while 22 percent disagreed with that idea. The
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Figure 7-21.
Attitudes toward science and technology among high school seniors
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See appendix table 7-28

majority (55 percent) of V.s. adults surveyed on this
issue in the 1992 Science cl:! Engineering Indicators study
expected computers and automation to eliminate more
jobs than they would create: about 40 percent took the
view that more jobs would be created. Among adults,
however. only ti percent responded that they did not
know what the potential impact woukl be.

Parallel to these slightly heightened reservations about
the impact of computers and automation, the 1.;:\Y results
point to a modest decline in the belief that there will be a
technological solution to almost any future problem. A third
of 1990 public school seniors agreed that "new inventions
will always be found to counteract any harmful conse-
quences of technological development.- while 70 percent
overtly disagreed with the statement and 48 percent were
uncertain. Three years later, only 25 percent of 1993 seniors
agreed with this statement, and 55 percent were uncertain.

When asked to assess the balance of benefits and
harms from science and technology, 44 percent of 1993
high school seniors thought that ti&T caused more good
than harm, but 19 percent of seniors in both years dis-

agreed with that view. In contrast. 73 percent of adults in
1992 thought the benefits of scientific research were

1990 1993 1990 1993 1990 1993 1990 1993

seniors seniors seniors seniors seniors seniors seniors seniors
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greater than any harms, with only 17 percent taking the
opposing view.'

Imking at the broader sets of results in the Lti.AY and
adult studies, it is apparent that a substantially larger pro-
portion of students have not yet developed an attitude
toward s&T. As these students progress into work and/or
college, they will acquire more experiences and informa-
tion. and it is likely that the proportion holding attitudes
on these issues will continue to increase during their
young adult years. On the other hand, the increased level
of uncertainty between the 1990 and 1993 seniors cannot
be explained developmentally.

There are minor differences in the \kording and data collection for
this item between the adult and student samples. In LSAY. the students
were asked on a printed questionnaire to strongly agree. agree, dis-
agree. strongly disagree. or indicate that tInsy were uncertain about
the statement "Overall, science and technology have caused more
good than harm." The adult data were collected by telephone interview
(wording of the adult question is contained in appendix table 7-18). In
thc adult interview, a response of about equal or uncertain was accept-
ed, but not offered. Even given these difkTences between the two
questions. the magnitude of the differences in student and adult
responses cannot be attributed to methodology alone.

'42
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Conclusion:
The Public Context of Science

On balance. most Americans continue to hold positive
views of science and technology, expecting continued
advances in health. communication. and other fields.
There is a moderately high level of interest in new scien-
tific discoveries and the use of new inventions and tech-
nologies. and a very high level of interest in new medical
discoveries. The vast majority of Americans continue to
have reservations about their understanding of sckmtitic
and technical concepts, and objective measurements of
their knowledge suggest that these reservations are real-
istic. About 15 percent of Americans follow s&-l issues in
the news and try to stay up to date on these matters.
These attentive citizens know somewhat more about sci-
ence and technology and hold even more positive atti-
tudes toward S&T than other citizens. In the context of a
specialized political system, this attentive public repre-
sents a reasonable core of citizen support.

It appears that citizens interested in s&T are active
readers and viewers of news and information on these
subjects. At the same time, most citizens expressed a
low level of trust in many widely used information
sources. especially television. This set of results makes
the communication of scientific information problemat-

icthe most widely used information channels are the
least trusted. Clearly, this is an area that needs more
analysis and examination.

There is some public awareness of the issues of integri-
ty and Iraud in scientific work, but the public appears I()
take a reasonably balanced view of the problem. Most cit-
izens think that there are some scientists who falsify
results for professional or personal gain, but there is no
indication that this is viewed as an especially acute prob-
lem. Responses indicate that confidence in the leadership
of the scientific community has increased over the last
few years, and in fact, this confidence level is one of the
highest for professional groups ill American society.

Analyses of the graduating high school classes of 1990
and 1993 point to deficiencies concerning both substan-
tive knowledge about science and understanding of sci-
ence and technology in society. These recent high school
giaduates demonstrated more reservations about the
future impact of sky than the present generation of
Anlerican adults. Niore than overtly inaccurate informa-
tion, there was a pervasive absence of any :nformation at
all on numerous subjects. As noted elsewhere, the avail-
able information concerning student attitudes and stu-
dent understanding of science and mathematics points to
a need for the continuation of present efforts to reform
and improve the school experience in these areas.
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Appendix table 1-3.
Average scores by percentile for the NAEP mathematics test, by sex and race/ethnicity for age 9: 1978-90

Percentile 1978 1982 1986 1990

All students

5th 157.1 (1.0) 159.3 (1.8) 163.0 (1.3) 173.3 (2.6)

10th 171.1 (1.2) 173.2 (1.8) 176.7 (1.5) 185 8 (2.2)

25th 194.6 (1.0) 196.0 (1.1) 199.0 (1.6) 207.8 (1.3)

50th 220.1 (1.0) 220.4 (1.2) 223.3 (1.1) 231.1 (0.9)

75th 243.7 (0.9) 243.3 (1.4) 245.6 (1.2) 252.5 (0.7)

90th 264.0 (1.2) 262.7 (1.0) 264.2 (1.3) 271.0 (1.0)

95th 275.7 (1.2) 273.8 (1.3) 275.5 (1.2) 282.1 (1.3)

Males

5th 154.9 (2.3) 156.4 (2.1) 162.7 (2.0) 171.8 (2.5)

10th 169.0 (1.3) 170.2 (1.4) 176.1 (1.7) 184.6 (2.1)

25th 192.8 (1.0) 193.0 (1.5) 198.6 1.6 206.7 (1.2)

50th 218.4 (0.9) 218.6 (1.7) 223.0 (1.0) 230.4 (1.0)

75th 243.0 (1.1) 242.3 11 6) 245.7 (1.6) 252.4 (0.8)

90th 263.8 (1.2) 262.2 (1.2) 265.1 (1.9) 271.6 (1.8)

95th 275.2 (1.1) 273.6 (1 .9) 276.4 (2.1) 282.8 (1.7)

Females

5th 159.4 (1.3) 162.8 (1.7) 163.5 (2.3) 174.5 (2.8)

10th 173.1 (2.0) 176.6 (1.61 177.5 (2.6) 187.0 (2.7)

25th 196.4 (1.2) 198.9 (1.8) 199.0 (1.8) 208.9 (1.3)

50th 221.5 (1.0) 222.2 (1.1) 223.5 (1.1) 231.8 (1.0)

75th 244.3 (1.5) 244.2 (1.4) 245.5 (1.5) 252.7 (1.0)

90th 264.2 (1.4) 263.1 (1.0) 263.3 (1.6) 270.4 (1 3)

95th 276.1 (1.8) 273.9 (1 7) 274.2 (2.0) 281.4 (1.1)

Whites

5th 166.3 (1.5) 168.1 (1.4) 170.6 (2.4) 181.8 (2.4)

10th 179.4 (1.5) 180.8 (1.7) 183.9 (1.7) 194.0 (1.6)

25th 201.4 (1.1) 201.9 (1.3) 205.3 (1.1) 214.6 (0.9)

50th 225.1 (1.0) 225.3 (1.4) 228.3 (1.1) 214.6 (0 9)

75th 247.7 (0.8) 246.8 (0.91 249.6 (0.8) 256.4 (0.6)

90th 267.0 (1.1) 265.3 (1.0) 267.4 (1.2) 274.5 (0.8)

95th 278.4 (1.7) 276.0 (1.3) 278.2 (1 8) 284.8 (2.1)

Blacks

5th 133.7 (1.9) 136.7 (2.5) 146.2 (3.2) 156.0 (1.7)

10th 147.0 (1.7) 150.4 (2.3) 158.4 (4.9) 167.1 (3.7)

25th 169.3 (1.9) 172.5 (2.0) 180.5 (4.1) 186.0 (4 1)

50th 193.0 (1.1) 196.6 (2.0) 202.9 (1.6) 208.4 (3.1)

75th 216.4 (1.6) 218.2 (2.0) 223.6 (2.0) 231 4 (2.1)

90th 236.1 (1.6) 235.7 (2.5) 241.2 (1.7) 248.9 (2.9)

95th 247.5 (1.4) 247.9 (2.8) 251.3 (1 3) 258.9 (4.3)

Hispanics

5th 144.4 (5.4) 148.1 (2.8) 154.8 (3.7) 161.8 (3.4)

10th 156.3 (3.7) 160.8 (3.2) 163.8 (1.8) 173.4 (1.4)

25th 178.7 (3.2) 181.3 (2.3) 184.5 (3.21 193.1 (3.6)

50th 204.3 (3.0) 205.2 (1.6) 206.3 (2.4) 216.2 (4.1)

75th
90th

227.2
249.5

(2.51

(4.0)
226.5
246.4

(2.0)
(3.4)

222 6 ..08 ((33. 8 )) 251.7
251.7

(3.4)
(3 4)

95th 259.6 (4.6) 256.6 (2.9) 254.4 (4.6) 262.2 (3.5)

NAEP: National Assessment of Educational Progress

NOTE. Standard errors are shown in parentheses

,8OURCE Educational Testing Service. Trends in Academic Progress (Washington DC National Center for Education Statistics. 19911

See figure 1-2 Science a: Engineering IndIcators 1993



226 Appendix A. Appendix Tables

Appendix table 1-4.
Average scores by percentile for the NAEP mathematics test, by sex and race/ethnicity for age 13: 1978-90

Percentile 1978 1982 1986 1990

All students

Sth 198.2 (1.6) 212.4 (2.7) 218.3 (1.8) 217.6 (2.2)

10th 213 3 (1.5) 225.3 (1.6) 230.0 (1.4) 230.2 (1.4)

25th 238.1 (1.3) 246.2 (1.2) 248.3 (1.8) 249.8 (0.9)

50th 265.2 (1.1) 269.5 (1.0) 268.7 (1.3) 270.9 (1.0)

75th 291 1 (1 1) 291.6 (1.1) 289.6 (1.3) 291.7 (1.0)

90th 313.4 (1.21 310.8 (1.2) 309.2 (1.5) 309.9 (1.0)

95th 326.6 (1 3) 322.2 (1.2) 320.5 (2.2) 320.1 (1.6)

Males

5th . 195.8 (1.4) 211.5 (2.2) 218.0 (1.8) 215.5 (2.1)

10th 211.4 (1.4) 224.3 (2.0) 229.5 (1.7) 228.6 (2.0)

25th ......... . 236.7 (1.4) 246.1 (1.5) 248.9 (2.3) 250.2 (1.7)

50th 264.8 (1.4) 270.2 (1 2) 270.0 (1.6) 272.0 (1.0)

75th 291.5 (1.5) 293 3 (1.21 291.4 (1,6) 293.1 (1.2)

90th 314.4 (1.7) 312.5 (1.5) 310.8 (1,5) 312.4 (1 4)

95th 327.5 (1.5) 324.1 (1.3) 322.0 (2.6) 323.1 (1.9)

Females

5th . 200.9 (2.6) 213.5 (1 5) 218.5 (3.2) 220.4 (2.3)

10th 215.0 (1.6) 226.2 (1.4) 230.6 (2.0) 231.4 (1.2)

25th 239.4 (1.4) 246.3 (1.1) 247.8 (1.6) 249.5 (1.1)

50th . . 265.7 (1.2) 268.8 (0.9) 2 6 77..48 1.7,7 269.9 (1.2)

75th ..... . 290.7 (1.0) 290.1 (1.1) 290.3 (1.3)

90th . 312.4 (1.4) 308.8 (1.51 307.2 2.8 307.7 (1.5)

95th 325.6 (1.2) 320.1 (2.0) 318.5 (2.4) 317.3 (0.8)

Whites

5th 211.9 (1.4) 223.0 (1.6) 225.7 (1.5) 2282 (1.5)

10th 225.5 (1.4) 234.4 (1.2) 236.5 (1.3) 239.3 (1.0)

25th 247.6 (0.9) 253.5 (1.1) 254.1 (1.4) 257.3 (1.1)

50th . . 272.2 (1.0) 274.9 (0.9) 273.3 (1.0) 276 6 (1.0)

75th 296.0 (0.7) 295.5 (1.0) 293.2 (1.3) 296.0 (1.1)

90th ......... . . 317.1 (1.2) 313.8 (1.4) 312.1 (2.2) 313.2 (1.3)

95th 329.6 11 3) 324.8 (1.4) 322.9 (1.8) 322.9 (1.6)

Blacks

5th 170.2 (1.9) 201 7 (4.5) 201.7 (4 5) 201.6 (5.4)

10th . . 184.1 (2.6) 200.2 (3.7) 213.2 (2.31 211.8 (2.2)

25th ..... . 205 5 (1.9) 219.3 (1.8) 230.7 (2.2) 229.9 (3.0)

50th 229.0 (2.21 241.0 (1.9) 249.3 (2.3) 249.4 (2.0)

75th ......... 254.1 (2.2) 260.9 (1.4) 266 9 (1.5) 267.8 (2.9)

90th 276.4 (2.4) 279.7 (2.21 284.4 (3.71 285.3 (2 8)

95th . 288.4 (3 9) 291.1 (1.7) 296.4 (4.3) 296.2 (4.1)

Hispanics

5th 180.2 (1.8) 202.3 (2 2) 205.9 (3.6) 206.2 (3.7)

10th . 192.5 (2.2) 213.5 (2 6) 216.2 (3.8) 216.4 (3.1)

25th . 214 3 (1 8) 230 7 [1.9 235.5 (2.7) 234 3 (2.2)

50th . 237.4 (2 01 251.9 (1.4) 254.3 (3 4) 255.1 11.9)

75th . 261 9 (3.2) 273.7 (1.4) 254.3 (3 4) 275.2 (3 5)

90th 283.7 (3.4) 292 8 12.4 291 7 (3.1) 292.2 (2.9)

95th 296 3 (3.1) 304 1 (2.9) 301.2 (1 9) 303 3 i3 3)

NAEP National Assessment 01 Ed.,c,vional Progress

NOTE Standaid errors are shown fl parentneses

SOURCE Educat,onal Testing Serv,ce Trends .n Acadern,c Prowess ,Wash.ricVon DC National center 'or Education Statistics 1391,

See I,gure 1-2 Soence S Epnee,ng Ind,cator5 1993
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Appendix table 1-5.
Average scores by percentile for the

Percentile 1978 1982 1986 1990

All students

5th 241.3 (1.3) 244.9 (1.1) 251.7 (1.2) 253.4 (1.0)
10th 254.2 (1.1) 255.9 (1.0) 262.7 (1.0) 264.0 (1.1)

25th 276.4 (1.2) 275.8 (1.3) 280.7 (0.6) 282.5 (1.0)

5C,,h 301.4 (1.1) 298.8 (1.0) 301.4 (1.3) 304.9 (1.1)

75th 325.4 (1.0) 321.5 (0.8) 323.1 (1.9) 326.5 (1.2)

90th 344.7 (0.8) 340.6 (0.9) 343.0 (1.3) 344.5 (1.3)

95th 355.7 (0.9) 351.2 (1.1) 354.0 (1.1) 355.5 (2.2)

Males

5th 243.8 (1.2) 247.0 (1.3) 252.7 (3.0) 252.8 (3.0)

10th 257.0 (1.2) 257.9 (1.2) 264.1 (1.2) 263.9 (1.2)

25th 278.9 (1.2) 278.1 (1.1) 282.3 (1.8) 283.7 (1.3)

50th 304.8 (1.3) 301.8 (1.6) 303.9 (1.2) 306.4 (1.6)

75th 329.5 (1.1) 325.1 (1 2) 327.8 (2.1) 329.3 (1.1)

90th 349.2 (1.0) 344.4 (1.1) 346.7 (1.6) 347.8 (1.4)

95th 360.1 (1.0) 354.4 (1.8) 357.5 (1.7) 358.5 (1.3)

Females

5th 239.3 (1.3) 242.8 (1.6) 250.3 (2.8) 253.9 (1.9)

10th 252.2 (1.0) 254.1 (1.2) 261.2 (1.4) 264.0 (1.5)

25th 274.3 (1.3) 273.7 (1.2) 279.3 (1.3) 303.7 (1.7)

50th 298.3 (1.1) 296.1 (1.2) 299.1 (1.3) 303.7 (1.7)

75th 321.5 (1.0) 317.7 (0.8) 319.8 (1.7) 324.1 (1.2)

90th 340.3 (1.4) 336.7 (1.7) 338.2 (2.2) 341.4 (1.6)

95th 350.4 (1.5) 347.2 (1.5) 349.3 (1.9) 351.8 (2.2)

Whites

5th 251.9 (0.6) 253.3 (1.1) 261.2 (1.6) 260.2 (1.3)

10th 263.3 (1.3) 263.8 (1.1) 270.5 (1.3) 270.5 (1.5)

25th 283.5 (1.0) 282.3 (1.1) 286.9 (1.2) 288.8 (1.5)

50th 306.6 (1.0) 303.9 (1.2) 306.8 (1.3) 310.1 (1.3)

75th 328.9 (0.8) 325.1 (0.9) 327.8 (1.7) 330.1 (1.2)

90th 347.3 (0.7) 343.4 (1.1) 346.1 (1.3) 347.2 (1.0)

95th 357.8 (0.7) 353.4 (1.5) 356.0 (1.4) 357.1 (1.3)

Blacks

5th 217.2 (2.0) 225.1 (1.4) 236.7 (3.9) 245.4 (4.4)

10th 227.8 (1.7) 234.5 (1.7) 244.3 (4.2) 253.5 (3.5)

25th 245.7 (1.2) 251.4 (1.6) 259.9 (1.5) 268.7 (1.8)

50th 267.7 (1.6) 271.2 (1.4) 278.6 (3.9) 287.1 (2.5)

75th 290.5 (2.2) 291.2 (1.7) 296.1 (2.5) 307.1 (5.3)

90th 310.3 (2.1) 310.8 (1.7) 312.0 (7.4) 325.7 (5.8)

95th 320.7 (2.5) 321.3 (2.2) 324.8 (4.1) 337.7 (4.2)

Hispanics

5th 224.1 (4.4) 232.0 (1.7) 236.3 (5.3) 229.1 (5.4)

10th 234.0 (2.9) 240.7 (3.2) 248.5 (4.5) 242.2 (8.1)

25th 253.4 (1.8) 255.8 (2.4) 264.7 (2.8) 263.8 (6.8)

50th 275.1 (3.6) 275.3 (3.2) 283.1 (2.5) 281.8 (2.4)

75th 298.5 (3.9) 297.1 (2.6) 301.2 (4.2) 304.0 (4.4)

90th 319.5 (3.6) 314.9 (2.6) 318.6 (2.3) 325.1 (3.6)

95th 332.0 (0.9) 326.7 (4.4) 329.3 (7.3) 336.3 (8.6)

NAEP = National Assessment of Educational Progress

NOTE Standard errors are shown in parentheses.

SOURCE: Educational Testing Service. Trends in Academic Progress (Washington. DC National Center for Education Statistics. 1991)

See figure 1-2 Science & Engineering Indicators 1993
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Appendix table 1-6.
Average scores by percentile for the NAEP science test, by sex and race/ethnicity for age 9: 1977-90

Percentile 1977 1982 1c186 1990

All students

5th 143.8 (2.3) 150.9 (1.3) 155.0 (1.3) 159.8 (1.3)
10th 160.9 (2.1) 166.8 (2.6) 169.9 (1.8) 176.1 (1.1)

25th 190.1 (1.6) 194.4 (2.2) 195.4 (2.2) 202.0 (1.4)

50th 221.5 (1.1) 221.4 (2.4) 225.1 (1.7) 230.3 (0.9)
75th 251.0 (1.1) 249.0 (2.0) 253.1 (1.7) 256.6 (0.8)

90th 276.5 (1.2) 272.4 (3.9) 276.9 (2.0) 278.8 (1.3)

95th 291.4 (1.2) 286.4 (3.7) 290.9 (1.9) 292.1 (1.4)

Males

5th 146.8 (2.6) 150.4 (5.5) 158.0 (3.6) 159.6 (2.2)
10th 163.2 (1.9) 166.5 (3.8) 172.9 (1.8) 176.3 (2.3)

25th 191.9 (1.9) 193.5 (4.1) 198.7 (1.8) 202.1 (2.5)

50th 223.6 (1.4) 221.3 (3.6) 227.9 (1.7) 231.6 (1.9)
75th 253.4 (1.4) 250.4 (3.1) 256.1 (1.9) 259.4 (1.0)

90th 279.1 (1.3) 274.7 (4.3) 280.3 (2.0) 283.3 (1.8)
95th 294.2 (1.5) 287.1 (5.3) 294 8 (2.7) 296.3 (2.4)

Females

5th . 141.3 (3.5) 151 2 (6.6) 152.5 (2.5) 159.9 (2.4)

10th 158.5 (2.2) 167.5 (3.1) 166.9 (2.6) 175.8 (2.2)

25th 188.3 (1.4) 195.3 (2.6) 193.2 (1.8) 201.9 (1.2)

50th ....... . . 219.5 (1.2) 221.4 (3.6) 222.5 (2.0) 229.2 (1.1)

75th 248.6 (1.1) 247.4 (2.4) 250.2 (1.9) 254.0 (1.1)

90th 273.8 (1.6) 270.6 (3.4) 273.3 (1.6) 274.6 (1.9)

95th 288.2 (1.6) 284.4 (3.4) 287.0 (2.6) 287.0 (1.9)

Whites

5th 163.2 (1.3) 167.0 (3.0) 166.5 (2.3) 176.9 (1.4)
10th 177.6 (1.1) 182.2 (3.1) 181.0 (1.5) 189.9 (1.5)

25th 202.4 (1.1) 203.8 (2.6) 205.5 (1.5) 212.6 (0.8)

50th 229.8 (0.9) 228.6 (2.4) 232.5 (1.6) 238.3 (1.0)

75th 256.9 (0.8) 254.9 (2.0) 258.8 (1.4) 262.3 (1.0)

90th 281.1 (1.1) 277.6 (2.8) 281.7 (1.7) 283.5 (1.4)

95th 295.4 (1.9) 290.8 (4.0) 294.9 (2.5) 295.7 (1.3)

Blacks

5th 107.0 (3.5) 123.6 (11.0) 132.8 (3.2) 131.3 (4.2)

10th 122.8 (3.4) 136.7 (8.3) 146.9 (3.5) 145.3 (3.8)

25th 146.6 (2.4) 159.2 (4.9) 169.7 (2.6) 169.8 (2.6)
50th 173.8 (2.5) 188.2 (5.0) 195.9 (2.2) 196.3 (2.5)
75th 202.9 (1.8) 214.4 (3.8) 222.6 (1.5) 224.1 (1.7)

90th 229.2 (2.9) 236.4 (4.7) 246.4 (3.7) 246.8 (2.4)

95th 244.1 (2.9) 246.5 (3.3) 259.5 (3.5) 260.0 (5.4)

Hispanics

5th 125.2 (7.0) 127.3 (9.6) 134.0 (10.1) 146.2 (5.5)

10th 139.8 (3.3) 141.9 (16.8) 148.1 (5.2) 158.5 (4.3)

25th 163.9 (4.3) 161.9 (4.4) 172.6 (3.4) 180.6 (3.7)

50th 191.4 (3.6) 190.8 (4.8) 199.8 (6.7) 206.2 (3.7)

75th 219.0 (3.2) 215.9 (3.4) 225.6 (4.1) 232.7 (4.1)

90th 245.7 (4.9) 236.2 (5.6) 252.1 (5.4) 252.9 (4.4)

95th 261.3 (6.4) 246.0 (7.6) 264.9 (6.7) 266.8 (6.9)

NAEP = National Assessment of Educational Progress

NOTE. Standard errors are shown in parentheses.

SOURCE Educational Testing Service. Trends in Academic Progress (Washington. DC National Center for Education Statistics. 19911

See figure 1-3 Science & Engineering Indicators - 1993
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Appendix table 1-7.
Average scores by percentile for the NAEP science test, by sex and race/ethnicity for age 13: 1977-90

Percentile 1977 1982 1986 1990

All students

5th 173.7 (1.7) 185.2 (2.2) 188.9 (2.2) 191.4 (2.0)
10th 190.6 (1.4) 199.6 (1.8) 203.3 (2.0) 205.9 (1.7)
25th 218.4 (1.4) 224.1 (1.11 227.2 (1.3) 230.0 (1.5)
50th 248.6 (1.2) 250.9 (1.: 252.1 (1.8) 256.4 (1.2)
75th 277.5 (0.9) 276.7 (1.f , 276.5 (1.5) 281.1 (0.9)
90th 302.4 (0.9) 299.2 (1 6) 298.2 (2.0) 302.4 (1.1)

95th 316.0 (1.5) 312.8 (1.3) 310.3 (1.6) 315.1 (1.9)

Males

5th 176.7 (1.9) 190.2 (2.6) 192.3 (4.2) 191.9 (2.5)
10th 193.5 (1.6) 204.4 (1.6) 207.2 (2.5) 207.3 (3.4)
25th 221.5 (1.7) 229.5 (1.7) 231.1 (1.6) 232.9 (1.4)
50th 252.4 (1.5) 256.7 (1.5) 256.9 (2.0) 260.3 (1.4)
75th . . . ....... 281.6 (1.2) 282.6 (1.5) 282.4 (1.4) 285.8 (2.2)
90th 306.5 (1.3) 305.0 (1.7) 303.4 (1.6) 307.4 (1.5)
95th 321.2 (1.5) 318.3 (2.3) 316.2 (2.2) 320.2 (1.2)

Females

5th 170.8 (1.6) 180.2 (1.9) 186.3 (2 2) 190.6 (2.1)

10th 187.7 (1.8) 195.5 (2.3) 200.5 (2.9) 204.8 (1.5)
25th 215.5 (1.7) 219.7 (1.4) 223.4 (1.5) 227.8 (1.6)
50th 245.0 (1.2) 246.1 (1.7) 248.0 (1.7) 253.1 (1.2)
75th 273.0 (1.5) 271.0 (1.9) 271.0 (1.8) 276.8 (1.6)

90th 297.7 (1.0) 292.8 (1.5) 291.3 (1.7) 296.8 (1.1)

95th . . .......... 312 1 (2.2) 305.3 (1.8) 304.0 (3.6) 308.6 (1.4)

Whites

5th 190.8 (0.91 198.0 (1.7) 203.5 (2.7) 208.6 (1.6)
10th 205.2 (1 2) 210.8 (1.7) 215.8 (1.5) 220.4 (1.2)
25th 229.3 (1.3) 233.2 (1.2) 237.0 (1.9) 241 3 (0.9)

50th 256.3 (0.8) 257 6 (1.3) 259.2 (2.0) 264.5 (1.1)
75th 282.9 (0.7) 281.5 (1.1) 282.3 (1.9) 287.0 (1.7)

90th 306.6 (0.9) 302.7 (1.6) 302.2 (1.9) 307.1 (1.4)

95th . . . .. 320.8 (1.1) 316.2 (1.7) 313.9 (2.1) 319.4 (1.3)

Blacks

5th 144.3 (3.2) 160.3 (3.1) 167.8 (1.7) 169.7 (5.5)
10th 157.7 (2.4) 173.0 (3.1) 180.1 (2 2) 181.8 (6.1)
25th 180.5 (2.2) 193.7 (2.4) 198.3 (3.0) 202.3 (3.7)
50th 207.4 (2.5) 216.8 (1.3) 221.2 (2.8) 225.7 (3.0)

75th 234.8 (2.6) 240.7 (2.2) 243.5 (3.6) 249.1 (2.6)

90th 259.5 (3.4) 262.2 (3.5) 264.4 (4.9) 269.0 (4.2)

95th 274.6 (2.7) 274.7 (1.9) 276.8 (2.5) 283.2 (3.7)

Hispanics

5th . ......... . . 147.1 (3.5) 166.3 (4.9) 171.1 (5.6) 173.7 (4.7)

10th . . . .......... . 161.4 (3.0) 179.4 (4.1) 181.3 (4 5) 185 3 (4.5)

25th 185.8 (3.5) 200.7 (3.6) 201.6 (5.5) 205..3 (4.1)

50th 213.3 (2.5) 225.9 (4.4) 225.6 (3.8) 230.9 (3.3)
75th 240 3 (3.51 249.3 (5.1) 249.8 (3.4) 256.4 (5.1)

90th . . 265.8 (2.0) 271.2 (5.1) 269.9 (3.5) 280.0 (5.9)

95th 282.1 (4.4) 284.8 (6.1) 283.0 (3.8) 294 2 (2.8)

NAEP National Assessment of Educational Progress

NOTE Standard errors are shown in parentheses

SOURCE: Educational Testing Service. Trends in Academic Progress (Washington. DC National Center for Education Statistics. 19911

See figure 1-3. Science & Engineering Indicators 1993
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Appendix table 1-8.
Mean student proficiency In the NAEP science test, by sex and race/ethnicity for age 17: 1977-90

Percentile 1977 1982 1986 1990

All students

5th 212.6 (1.3) 203.2 (2.2) 211.8 (2.4) 209.9 (2.3)

10th 231.3 (1.4) 221.5 (1.9) 229.5 (2.4) 228.8 (2.0)

25th 260.6 (1.4) 252.5 (2.1) 259.6 (1.9) 260.3 (1.9)

50th 290.8 (1.0) 285.4 (1.0) 290.1 (1.9) 292.2 (1.3)

75th 320.1 (0.9) 315.3 (1.6) 319.4 (1.3) 322.7 (1.4)

90th 246.2 (1.1) 341.5 (1.1) 344.5 (1.9) 348.3 (1.2)

95th 361.5 (1.3) 357.3 (1.4) 359.9 (2.0) 362.9 (1.5)

Males

5th 219 5 (2.1) 210.3 (2.3) 213.9 (2.8) 210.4 (3.9)

10th 238.2 (1.6) 228.9 (2.7) 231.4 (5.0) 229.5 (2.9)

25th 267.6 (1.5) 261.1 (1.9) 263.5 (3.0) 263.4 (1.3)

50th 298.5 (1.2) 294.3 (0.4) 298.7 (2.8) 297.9 (1.9)

75th 328.1 (1.4) 324.8 (2.0) 327.6 (1.6) 329.9 (1.8)

90th 353.9 (1.4) 350.5 (1.9) 353.4 (2.8) 356.7 (2.3)

95th 368.8 (1.5) 365.3 (1.3) 367.0 (4.6) 372.5 (1.8)

Females

5th 207.5 (1.6) 198.3 (3.6) 209.8 (3.5) 209.2 (3.7)

10th 226.1 (2.1) 215.5 (2.6) 228.1 (2.0) 228.2 (4.5)

25th 254.5 (1.5) 245.7 (2.1) 256.2 (2.0) 257.7 (2.4)

50th 283.8 (1.2) 277.6 (2.0) 283.7 (1.4) 287.7 (2.0)

75th 311.5 (1.1) 306.2 (1.2) 310.8 (1.8) 316.2 (2.3)

90th 336.3 (1.2) 330.1 (1.0) 333.5 (3.0) 339.6 (2.3)

95th 351.2 (1.5) 345.2 (1.5) 348.3 (3.2) 351.5 (1.6)

Whites

5th 231.1 (0.9) 223.0 (1.7) 228.3 (2.9) 232.8 (2.3)

10th 246.0 (0.7) 239.1 (1.5) 244.5 (3.1) 249.0 (2.0)

25th 270.3 (0.8) 265.5 (1.5) 271.0 (2.0) 273.4 (1.5)

50th 297.5 (0.7) 293.6 (1.0) 298.7 (1.7) 301.2 (1.2)

75th 325.0 (0.9) 321.2 (1.6) 324.9 (1.3) 329.0 (1.6)

90th 349.9 (1.0) 246.0 (1.3) 348.9 (3.0) 352.3 (1.3)

95th 364.6 (1.4) 360.8 (1.3) 363.5 (2.8) 367.3 (2.0)

Blacks

5th 172.4 (1.5) 166.0 (3.1) 189.3 (4.8) 182.0 (10.1)

10th 187.3 (1.9) 180.6 (3.5) 201.6 (4.9) 196.6 (3.1)

25th 212.1 (1.4) 206.4 (3.2) 225.0 (4.2) 220.5 (4.3)

50th 240.4 (1.8) 234.7 (3.0) 251.9 (5.9) 251.6 (3.0)

75th 267.9 (2.0) 262.7 (2.2) 279.5 (3.4) 282.9 (5.0)

90th 293.4 (2.5) 288.8 (3.9) 306.0 (4.2) 313.5 (11.3)

95th 309.5 (2.6) 305.4 (1.6) 322.8 (5.8) 329.3 (10.2)

Hispanics

5th 193.7 (5.2) 178.0 (6.5) 194.4 (9.3) 188.7 (6.2)

10th 208.4 (4.0) 194.2 (7.2) 209.2 (3.8) 203.9 (11.1)

25th 234.3 (3.9) 218.8 (3.3) 232.0 (5.6) 230.6 (3.6)

40th 262.4 (2.4) 248.0 (2.5) 258.9 (5.8) 260.5 (5.7)

75th 289.5 (5.1) 278.4 ((3.4) 285.8 (3.6) 292.6 (10.6)

90th 316.9 (4.4) 309.1 (3.4) 309.9 (7.6) 317.4 (5.1)

95th 331.3 (4.4) 320.8 (11.0) 324.4 (6.3) 329.5 (9.1)

NAEP National Assessment of Educational Progress

NOTE: Standard errors are shown in parentheses.

SOURCE: Educational Testing Service. Trends in Acadprnip Progress (Washington. DC. National Center for Education Statistics. 19911.

See figure 1-3 Science & Engineering Indicators - 1993
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Appendix table 1-9.
Average student proficiency scores on the NAEP mathematics and science tests, by sex and age: 1970-90

Sex and age 1970 1973 1977.178' 1982 1986 1990

Mathematics

All Students
9 years . NA NA 219 (0.81 219 (0.8) 219 (1.1) 222 (1.0) 230 (0.8)

13 years NA NA 266 (1.1) 364 (1.1) 269 (1.1) 369 (1.2) 270 (0.9)

17 years . . NA NA 304 (1.1) 300 (1.01 299 (0.9) 302 (0.9) 305 (0.9)

Male
9 years .. NA NA 218 (0.7) 217 (0.7) 217 (1.2) 222 (1.1) 229 (0.9)

13 years NA NA 265 (1.3) 264 (1.3) 269 (1.4) 270 (1.1) 271 (1.2)

17 years NA NA 309 (1.2) 304 (1.0) 302 (1.0) 305 (1.2) 306 (1.1)

Female
9 years NA NA 220 (1 1) 220 (1 0) 221 (1.2) 222 11.2) 230 (1 1)

13 years NA NA 267 (1 1) 265 (1 1) 268 (1 1) 268 (1 5) 270 ^...9)

17 years NA NA 301 (1.1) 297 (1.0) 296 (1.0) 299 (1 0) 303 (1 1)

Science

All Students
9 years . . 225 (1 2) 220 11 2) 220 (1.2) 221 (1.8) 224 (1.2) 229 (0.8)

13 years 255 (1.1) 250 (1.1) 247 (1.1) 250 (1.3) 251 (1.4) 255 (0.91

17 years S .S (1.0) 296 (1.0) 290 (1.0) 283 (1.2) 289 (1.4) 290 (1.1)

Male
9 years 228 (1.3) 223 (1.3) 222 (1.3) 221 (2.3) 227 (1.4) 230 11.11

13 years 257 (1.3) 252 (1.3) 251 (1.3) 256 (1.5) 256 (1.6) 259 (1.1)

17 years 314 (1.2) 304 (1.2) 297 11.21 292 (1 4) 295 (1.9) 296 (1.3)

Female
9 years .. 223 (1.2) 218 (1.2) 218 (1.2) 221 (2.0) 221 (1.4) 227 (1.0)

13 years 253 (1.2) 247 (1.2) 244 (1.2) 245 (1.3) 247 (1.5) 252 (1.1)

17 years 297 (1 1) 288 (1.1) 282 (1.1) 275 (1.3) 282 (1.5) 285 (1.6)

NA = not available. NAEP = Nabonal Assessment of Educational Progress

NOTES- Science and mathematics scores are not comparable Standard errors are shown in parentheses.

'Data for the NAEP science test are for 1977. data for the NAEP mathematics test are fc:. 1978

SOURCE Educational Testing Service. Trends in Academic Progress ;Washington. DC: National Center for Education Statistics 19911

Science & Engineering inoicators 1993
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Appendix table 1-10.
Distribution of student proficiency scores by score range on the NAEP mathematics test, by sex and race/ethnicity
for age 13: 1978-90

Sex, race ethnicity, and score range 1978 1982 1986 1990

Percent
All students

Less than 200 . 5.4 2.3 1.4 1.5

200-249 . 29.7 26.3 25.3 23.8

250-299 46.9 54.0 57.5 57.4

300- 349 17.0 16.9 15.4 16.9

350 or more 1.0 0.5 0.4 0.4

Male
Less than 200 6.1 2.5 1.5 1.8

200-249 ..... . . 30.0 26.2 24.7 23.1

250-299 45.5 52.4 56.2 56.1

300-349 . 17.3 18.2 17.1 18.5

350 or more 1.1 0.7 0.5 0.5

Female
Less than 200 4.8 2.0 1.4 1.1

200-249 ..... . 29.3 26.6 25.9 24.5

250-299 48.4 55.5 58.6 58.7

300-349 16.6 15.5 13.8 15.5
350 or more 0.9 0.4 0.3 0.2

White
Less than 200 2.4 0.9 0.7 0.6

200-249 . 24 7 20.8 20.4 17.4

250-299 . . ......... . . 51.5 57.8 60.3 61.0

300-349 . . 20.2 19.9 18.2 20.6

350 or more . . . 1.2 0.6 0.4 0.4

Black
Less than 200 20.3 9.8 4.6 4.6

200-249 51.0 52.3 46.4 46.7

250-299 . . 26.4 35.0 45.0 44.8

300-349 2 3 2.9 3.9 3.8

350 cr more 0 0 0.1 0.1

Hispanic
Less than 200 . . . ...... . 13.6 4.1 3.1 3.2

200-249 . . ............ . 50.4 43.7 40.9 40.1

250-299 32.0 45.9 50.5 50.3

300-349 . 3 9 6.3 5.3 6.3

350 or more . . . 0.1 0 0.2 0.1

Less than 200-Simple arithmetic factti. Students at this level know
some basic addition and subtraction facts, and most can add two-digit
numbers without regrouping. They recognize simple situations in which
addition and subtraction apply. They also are developing rudimentary
classification skills.

200-Beginning skills and understandings. Students at this level
have considerable understanding of two-digit numbers. They can add
two-digit numbers. but are still developing an ability to regroup in
subtraction. They know some basic multiplication and division facts.
recognize relations among coins, can read information from charts and
graphs. and use simple measurement instruments. They are develop-
ing some reasoning skills.

250-Basic operations and beginning problem-solving. Students
at this level have an initial understanding of the four basic operations.
They ate able to apply whole number addition and subtraction skills to
one-step word problems and money situations. In multiplication, they
can find the product of a two-digit and a one digit numtw.. They can
also compare information from graphs and charts and are developing
an ability to analyze simple logical relations.

300-Moderately complex procedures and reasoning. Students at
this level are developing an understanding of number systems. They
can compute with decimals. simple fractions, and commonly
encountered percents. They can identify geometric figures. measure
lengths and angles. and calculate areas of rectangles. These students
are also able to interpret simple inequalities. evaluate formulas, and
solve simple linear equations They can find averages, make decisions
on information drawn from graphs. and use logical reasoning to solve
problems. They are developing the skills to operate with signed
numbers, exponents. and square roots.

350-Multi-step problem-solving and algebra Students at this level
can apply a range of reasoning skills to solve multi-step pro5lems.
They can solve routine problems involving fractions and percents.
recognize properties of basic geometric figures. and work with
exponents and square roots. They can solve a variety of two-step
problems using variables, identify equivalent algebraic expressions.
and solve linear equations and inequalities. They are developing an
understanding of functions and coordinate systems.

NAEP National Assessment of Educational Progiess

SOURCE Educational Tecting Service Trpnds fl Academic P,opress ;Washington DC Natiomil Ci-nier for Educatior Statistics 1991)
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Appendix table 1-11.
Distribution of student proficiency scores on the NAEP mathematics test, by sex and race/ethnicity for age 17: 1978-90

Sex. race,ethnicity. and score range 1978 1982 1986 1990

Percent

All students
Less than 200 0.2 0.1 0.1 0

200-249 7.8 6.9 4.3 4.0

250-299 . . . 40.5 44.5 43.9 39.9

300-349 44.2 43.0 45.2 48.9

350 or more 7.3 5.5 6.5 7.2

Male
Less than 200 0.1 0 0.1 0.1

200-249 6.9 6.1 3.8 4.1

250-299 37.9 42.0 41.5 38.2

300-349 45.6 45.0 46.2 48.8

350 or more 9.5 6.9 8.4 8 8

Female
Less than 200 0.3 0.1 0 0

200-249 8.7 7.8 4.9 3.8

250-299 42.8 46.8 46.2 41.5

300-349 43.0 41.2 44.2 49.1

350 or more 5.2 4.1 4.7 5.6

White
Less than 200 0 0 0 0

200-249 4.4 3.8 2.0 2.4

250-299 38.0 41.5 38.9 34.4

300-349 49.1 48.3 51.2 54 9

350 or more 8.5 6.4 7.9 8.3

Black
Less than 200 1.2 0.3 0 0.1

200-249 28.1 23.3 14.4 7.6

250-299 53.9 59.3 64.8 59.6

300-349 16.3 16.6 20.6 30.8

350 or more 0.5 0.5 0.2 2.0

Hispanic
Less than 200 0.7 0.2 0.6 0.4

200-249 21.0 18.4 10.1 13.8

250-299 54.9 59.8 62.8 55.7

300-349 22.0 20.9 25.4 28.2

350 or more 1.4 0.7 1.1 1.9

NAEP National Assessment of Educational Progress

NOTE See appendix table 1-10 for descriptions of proficiency levels

SOURCE: Educational Testing Service. Trends in Academic Progress (Washington. DC. National Center for Education Statistics, 1991)

Science & Engineering Indicators 1993
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Appendix table 1-1 2.
Distribution of student proficiency scores by score range on the NAEP science test, by sex and race/ethnicity
for age 13: 1977-90

Sex, race'ethnicity, and score range 1977 1982 1986 1990

Percent
All students

Less than 200 14.0 10.2 8.4 7.7

200-249 37.2 38.9 39.1 35.8

250-299 37.7 41.3 43.4 45.3

300-349 10.4 9.2 8.9 10.8

350 or more 0,7 0.4 0.2 0.4

Male
Less than 200 . 12.8 8.1 7.1 7.3

200-249 34.9 35.7 35.6 32.9

250-299 39.2 43.6 45.4 45.8

300-349 12.2 12.1 11.6 13.4

350 or more 0.9 0.5 0.3 0.6

Female
Less than 200 15.3 12.1 9.7 8.0

200-249 36.3 41.9 42.6 38.7

250-299 36.4 39.1 41.4 44.8

300-349 8.6 6.7 6.2 8.3

350 or more 0.4 0.2 0.1 0.2

White
Less than 200 7.8 5.6 3.9 3.1

200-249 35.7 36.1 35.1 30.4

250-299 43.1 46.8 49.7 52.3

300-349 . 12.6 11.1 11.0 13.7

350 or more 0.8 0.4 0.3 0.5

Black
Less than 200 42.7 31.4 26.4 22.4

200-249 42.4 51.5 54.0 53.3

250-299 13.7 16.3 18.5 22.8

300-349 ........ ........ 1.2 0.8 1.1 1.4

350 or more . . 0 0 0 0.1

Hispanic
Less than 200 37 8 24.5 23.3 19.8

200-249 . 44.1 51.4 51.8 50.2

250-299 16.3 21.7 23.4 26.7

300-349 . . . 1.8 2.4 1.5 3.2

350 or more 0 0 0 0.1

NAEP = National Assessment of Educational Progress

SOURCE Educational Testing Service. Trends in Academic Progress (Washington. DC Nationai Center for Education Statistics 19911.

Science & Engineering Inthcators 1993

Less than 200--Knows everyday science facts. Students at this
level know some general scientific facts of the type that could be
learned from everyday experiences. They can read simple graphs.
match the distinguishing characteristics of animals, and predict the
operation of familiar apparatuses that work according to mechanical
principles.

200-Understands simple scientific principles. Students at this
level are developing some understanding of simple scientific
principles, particularly in the life sciences. For example. they exhibit
some rudimentary knowledge of the structure and function of plants
and animals.

250-Applies basic scientific information. Students at this level can
interpret data from simple tables and make inferencet- about the
outcomes of experimental procedures. They exhioit knowiedge,and
understanding of the life sciences, including a familiarity with Vrie,
aspects of animal behavior and of ecological relationships These

students also demonstrate some knowledge of basic information from
the physical sciences.

300-Analyzes scientific procedures and data. Students at this
level can evaluate the appropriateness of the design of an experiment.
They have more detailed scientific knowledge and the skill to apply
their knowledge in interpreting information from text and graphs. These
students also exhibit a growing understanding of principles from the
physical sciences.

350-Integrates specialized scientific information. Students at this
level can infer relationships and draw conclusions using detailed
scientific knowledge from the physical sciences, particularly chemistry.
They also car apply basic principles of genetics and interpret the
societal implicatirns of research in this field.

264
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Appendix table 1-13.
Distribution of student proficiency scores by score range on the NAEP science test, by sex and race/ethnicity
for age 17: 1977-90

Sex, race/ethnicity, and score range 1977 1982 1986 1990

Percent
All students

Less than 200 2.9 4.3 2.9 3.3

200-249 15.5 19.1 16.4 15.5

250-299 39.9 39.3 39.4 37.8

300-349 33.2 30.2 33.4 34.2

350 or more 8.5 7.1 7.9 9.2

Male
Less than 200 2.2 3.2 2.6 3.2

200-249 12.6 15.6 15.0 14.3

250-299 36.4 36.0 33.6 34.3

300-349 37.0 34.8 37.4 35.2

350 or more 11.8 10.4 11.4 13.0

Female
Less than 200 3.6 5.4 3.1 3.4

200-249 18.4 22.4 17.8 16.7

250-299 43.2 42.3 45.0 41.2

300-349 29.5 26.0 29.6 33.2

350 or more 5.3 3.9 4.5 5.5

White
Less than 200 0.8 1.4 1.2 1.0

200-249 11.0 13.7 11.0 9.4

250-299 40.7 41.0 39.1 38.4

300-349 37.5 35.3 39.1 39.8

350 or more 10.0 8.6 9.6 11.4

Black
Less than 200 16.4 20.3 9.1 11.7

200-249 43.1 44.7 38.7 36.9

250-299 32.8 28.5 39.7 35.7

300-349 7.3 6.6 11.6 14.2

350 or more 0.4 0.2 0.9 1.5

Hispanic
Less than 200 6.9 13.1 6.7 8.1

200-249 31.6 38.9 33.3 32.0

250-299 43.0 36.9 45.2 38.8

300-349 16.7 9.7 13.7 19.0

350 or more 1.8 1.4 1.1 2.1

NAEP = National Assessment of Educational Progress

NOTE: :lee appendix table 1-12 for descriptions of proficiency levels.

SOURCE Educational Testing Service, Trends in Academic Progress (Washington. DC: National Center for Education Statistics, 1991).

Science & Engineering Indicators -1993
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Appendix table 1-14.
NAEP mathematics test proficiency levels, by age: 1990 and 1992

Level and description Grade

Assessment year

1990 1992

200Addition and subtraction, and simple problem solving with whole numbers. Students
at this level can identify solutions to one-step word problems involving addition or subtraction. They
can add and subtract whole numbers in mosi situations, and, when a calculator is available, they
can multiply and divide. They are able to select the largest whole number from a set of numbers in
the thousands and can match numbers' verbal and symbolic names. They demoAstrate familiarity
with length and weight by selecting appropriate instruments and units to measure these attributes
They are abie to recognize some basic properties of two-dimensional geometric figures as weli as
the names of standard examples of these figures. They can recognize simple patterns.

250-Multiplication and division, simple measurement, and two-step problem solving. When
presented with a problem situation. students at this level have some understanding of the problem.
can identify extraneous information, and have some knowledge of when to use computational
estimation. tney have an understanding of addition, subtraction. multiplication, and division with whole
numbers. They can solve simple two-step problems involving whole numbers. They are able to round
wnole numbers and solve simple word problems involving place value. estimation. and multiples.
Students can use a ruler to measure length in centimeters and have some understanding of area and
oenmeter. They can solve problems that require visualizing. drawing. or manipulating simple geometric
shapes. They are able to complete bar graphs and pictographs. as well as use information from graphs
or tables to solve simple problems. They can recognize simple number patterns, are beginning to deai
informally with the idea of a variable, and have some knowledge of simple probability.

300Reasoning and problem solving involving fractions, decimals, percents, elementary
concepts in geometry, statistics, and algebra. Students at this level can use various strategies
and explain their reasoning in a variety of problem-solving situations They are able to solve
problems involving not only whole numbers but with decimals and fractions. They can represent
and find equivalent fractions and use these concepts in solving routine problems. They can find
a percent of a number and use this skill in simple problems. Multiplication and division of whole
numbers have developed to the extent that students can use ali four operations in multi-step
problems. Students can read and use instruments in more complex situations. They can find
areas of rectangles. recognize relationships among common units of measure. and solve routine
problems involving similar triangles and scaie drawings. They have knowledge of definitions and
properties of simple geometric figures in the plane. Their spatial sense includes the ability to
visualize a cube in either three-space or its fiattened form in a plane. Students can calculate
averages, select and interpret data from a variety of graphs. list the possible arrangements in a
sampie space. find the probability of a simple event, and have a beginning understanding of
sample bias. They can use knowledge of relative frequencies in simple simulation situations.
Students show the ability to evaluate simple expressions and solve (inear equations. Students
can graph points on coordinate axes, locate the missing coordinates for a corner of a square.
and identify which ordered pans satisfy a given linear equation.

350Reasoning and problem solving involving geometric relationships, algebra. and
functions. Students at this level can reason and estimate with percents. They can recognize
scientific notation and find the decimal equivalent. They can apply their knowledge of area and
perimeter of simple geometric figures to solve problems. They can find the circumferences of
circles and the surface areas of solid figures. They can solve for the length of missing segments
in more complex similarity situations. Students can apply the Pythagorean Theorem to find the
hypotenuse of a right triangle They are beginning to use rectangular coordinates in problem-
solving situations and can apoly geometric properties and relationships in solving problems
Stuaents can compute means from frequency tables and create a sample space to determine
probabilities, and read the graph of a step-function. Students can use exponents and evaluate
expressions given in functional notation In number theory. they have an understanding of even
and odd numbers and their properties. They can identify an equation describing a linear relation
pro, ded in a table and solve literal equations and systems of two linear equations They have
some iv'edge of trigonometnc relations These students can represent and interpret complex
patterns ana .1 using numbers. expressions. and graphs. Given the graph of a function they
can identify its zeros and the effect on the graph of taking the absolute value of the function

Percentage at or above level

4 67 (1.4) 72- (0.91

8 . 95 (0.7) 97 (0 4)
12 . 100 10.21 100 (0.1)

4 . 12 11.1) 17" (0.81
8 65 i1.41 68 (1.0)

12 88 10.9) 91 10.5)

4 . 0 /0 1) 0 (0.1)
8 . 15 11 01 20 (0.9)

12 . 45 11.4) 50* (1.2)

4 0 (0.0i 0 (0 01

8 0 10.2) 1 (0.2
12 5 (0.81 6 ;0.5)
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Appendix table 1-15.
NAEP mathematics test achievement levels for grade 4, by sex and race/ethnicity: 1990 and 1992

Sex and race:ethnicity Average score Proportion of total Advanced

Achievement level'
. . .

Proficient Basic Below basic

Percent

Ail students 1990 ... . 213 (0.9) 100 1 12 41 46

1992 . . 218 (0 7) 100 2 16 43 39

Male 1990 . . . 214 (1.2) 52 2 12 41 45

1992 ... 220 (0.8) 50 3 17 42 38

Female 1990 . 212 (1 1) 48 1 12 40 47

1992 . . 217 (1 0) 50 2 15 42 41

White 1990 . . 220 (1.1) 70 2 15 47 36

1992 . 227 (0.9) 70 3 20 49 28

Asian 1990 ... . 228 (3.5) 2 4 20 45 31

1992 .. . . 231 (2.4) 2 5 25 46 24

Black 1990 . . 189 (1.8) 15 0 2 20 78

1992 .. . . 192 (1.3) 16 0 3 21 76

Hispanic 1990 .. .. 198 (2.0) 10 0 5 29 66

1992 .. . . 201 (1.4) 10 0 6 31 63

Native American 1990 .. . . 208 (3.9) 2 0 5 43 52

1992 .. . 209 (3.2) 2 2 8 36 54

For fourth graders the live NAEP content areas are (1) numbers and operations; (2) measurement: (3) geometry. (4) data analysis. statistics, and probability: and 151
algebra and functions. At the fourth grade level, algebra functions are treated in informal and exploratory ways. often through the study of patterns. Skills are
cumulative across levelsfrom basic to proficient to advanced.

Basic (211). Fourth graders performing at the basic level should be able to estimate and use basic facts to perform simple computations with whole
numbers, show some understanding of fractions and decimals, and solve some simple real-world problems in all NAEP content areas. Students at this
level should be able to usethough not always accuratelyfour-function calculators, rulers, and geometric shapes. Their written responses are often
minimal a,,rt prasented without supporting information.

Proficient (248). Fourth graders performing a! the proficient level should be able to use whole numbers to estimate, compute, and determine whether
results are reasonable. They should have a conceptual understanding of fractions and decimals; be able to solve real-world problems in all NAEP
content areas: and use four-function calculators, rulers, and geometric shapes appropriately. They should employ problem-solving strategies such as
identifying and using appropriate information. Their written solutions should be organized and presented ooth with supporting information and
explanations of how they were achieved.

Advanced (280). Fourth graders performing at the advanced level should be able to solve complex and nonroutine real-world problems in all NAEP
content areas They should display mastery in the use of four-function calculators, rulers, and geometric shapes. These students are expected to draw
logical conclusions and justify answers and solution process by explaining why, as well as how, they were achieved. They should go beyond the obvious
in their interpretations and be abie to communicate their thoughts clearly and concisely.

NAEP = Natrona! Assessment of Educational Progress

NOTE- Standard errors are shown in parentheses

'Data are for the percentage who reached but did not surpass the given level

SOURCE National Center for Education Statistics. NAEP 1992 Mathematics Report Card for the Nation and the States (Washington. DC. 19931

See figure 1-4 and text table 1.1 Science & Engineering Indicators 1993
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Appendix table 1-16.
NAEP mathematics test achievement ievels for grade 8, by sex and race/ethnicity: 1990 and 1992

Race/ethnicity Average score Proportion of total Advanced

Achievement level'

Below basicProficient Basic

Percent

All students 1990 . . . . 263 (1.3) 100 2 18 38 42

1992. . . . 268 (0.9) 100 4 21 38 37

Male 1990 . . . . 263 (1.6) 51 3 18 37 42

1992 . . . . 267 (1.1) 51 4 21 37 38

Female 1990 . . 262 (1.3) 49 2 16 41 41

1992 . . . . 268 (1.0) 49 4 20 39 37

White 1990 . . 270 (1.4) 71 3 21 44 32
1992 . . . . 277 (1.0) 70 4 28 42 26

Asian 1990. . 279 (4.8) 2 6 32 38 24
1992. . . . 288 (5.5) 2 14 30 36 20

Black 1990. . . . 238 (2.7) 15 6 22 72
1992 . . . . 237 (1.4) 16 0 3 24 73

Hispanic 1990 . . . . 244 (2.8) 10 6 32 62
1992 . . . . 246 (1.2) 10 1 7 31 61

Native American 1990 . . . . 246 (9.4) 2 0 9 30 61

1992 . . . . 254 (2.8) 1 9 38 53

For eighth graders, the five NAEP content areas are (1) numbers and operations: (2) measurement; (3) geometry: (4) data analysis, statistics, and probability; and (5)
algebra and functions. Skills are cumulative across levelsfrom basic to proficient to advanced.

Basic (256). Eighth graders performing at the basic level should complete problems correctly with the help of structural prompts such as diagrams,
charts, and graphs. They should be able to solve problems in all NAEP content areas through the appropriate selection and use of strategies and
technological toolsincluding calculators, computers, and geometric shapes. Students at this level also shouid be able to use fundamental algebraic
and informal geometric concepts in problem solving. As they approach the proficient level, students at the basic level should be able to determine which
of available data are necessary and sufficient for corr ct solutions and use them in problem solving. However, these eighth graders show limited skill in
communicating mathematically.

Proficient (294). Eighth graders performing at the proficient level should be able to conjecture, defend their ideas, and give supporting examples. They
should understand the connections between fractions, percents, decimals, and other mathematical topics such as algebra and functions. Students at
this level are expected to have a thorough understanding of basic level arithmetic operationsan understanding sufficient for problem solving in
practical situations. Quantity and spatial relationships in problem solving and reasoning should be familiar to them, and they should be able to convey
underlying reasoning skills beyond the level of arithmetic. They should be able to compare and contrast mathematical ideas and generate their own
examples. These students should make inferences from data and graphs, apply properties of informal geometry, and accurately use the tools of
technology. They should understand the process of gathering and organizing data and be able to calculate, evaluate, and communicate results within
the domain of statistics and probability.

Advanced (331). Eighth graders performing at the advanced level should be able to probe examples and counter examples in order to shape
generalizations from which they can develop models. They should use number sense and geometric awareness to consider the reasonableness of an
answer. They are expected to use abstract thinking to create unique problem-solving techniques and explain the reasoning processes underlying their
conclusions.

NAEP = National Assessment of Educational Progress

NOTE: Standard errors are shown in parentheses.

'Data are for the percentage who reached but did not surpass the given level

SOURCE: National Center for Education Statistics. NAEP 1992 Mathematics Report Card for the Nation and the States (Washington, DC: 1993).

See figure 1-4 and text table 1-1. Science & Engineering Indicators - 1993
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Appendix table 1-17.
NAEP mathematics test achievement levels for grade 12, by race/ethnicity: 1990 and 1992

Achievement level'

Race.ethnicity Average score Proportion of total Advanced Proficient Basic Below basic

Percent

All students 1990 . . 294 (1.1) 100 2 11 46 41

1992 . . . 299 (0.9) 100 2 14 48 36

Male 1990 . . 297 (1.4) 48 3 13 45 39

1992 . . 301 (1.1) 49 3 15 47 35

Female 1990. . . 292 (1.3) 52 1 9 47 43

1992 . . . 297 (1.0) 51 1 13 49 37

White 1990 . . . . 300 (1.2) 74 2 14 51 33

1992 . . . . 305 (0.9) 71 2 17 53 28

Asian 1990 . . . 311 (5.2) 3 5 20 51 24

1992 . . . . 315 (3.5) 4 6 25 50 19

Black 1990 268 (1.9) 14 0 2 26 72

1992 . . 275 (1.7) 15 0 3 31 66

Hispanic 1990 . . . . 276 (2 8) 8 0 4 33 63

1992 . . . 283 (1 8) 10 1 5 39 55

Native American 1990 . . . 288 (10.2) 1 0 4 58 38

1992 . . . 281 (9.0) 1 0 4 42 54

For 12th graders. the five NAEP content areas are (1) numbers and operations. 121 measurement (3) geometry: (4) data analysis. statistics, and probability: and (5)
algebra and functions. Skills are cumulative across levelsfrom basic to proficient to advanced.

Basic (287). Twelfth grade students performing at the basic level should be able to use estimation to verify solutions and determine the reasonableness
of results as applied to real-world problems They are expected to use algebraic and geometric reasoning strategies to solve problems. They should
recognize relationships presented in verbal, algebraic. tabular, and graphical forms: and demonstrate knowledge of geometric relationships and
corresponding measurement skills They should be able to apply statistical reasoning in the organization and display of data and in reading tables and
graphs. They also should be able to generalize from patterns and examples in the areas of algebra. geometry, and statistics At this level, they should
use correct mathematical language and symbols to communicate mathematical relationships and reasoning processes, and use calcuiators
appropriately to solve problems.

Proficient (334). Twelfth graders performing at the proficient level should demonstrate an understanding of algebraic. statistical, and geometric and
spatial reasoning They should be able to perform algebraic operations involving polynomials. lustify geometric relationships. and judge and defend the
reasonableness of answers as applied to real-world situations. These students should be able to analyze and Interpret data in tabular and graphical
form: understand and use eiements of the function concept in symbolic. graphical. and tabular forrr.: and make conjectures. defend ideas, and give
supporting examples

Advanced (366) Twelfth grade students performing at the advanced level should understand the function concept: and be able to compare and apply
the numeric, algebraic. and graphical properties of functions. They should apply their knowledge of algebra. geometry. and statistics to solve problems
in more advanced areas of continuous and discrete mathematics. They should be able to formulate generalizations and cikate models through probing
examples and counter examples. They should be able to communicate their mathematical reasoning through the clear, concise, and correct use of
mathematical symbolism and logical thinking.

NAEP = National Assessment of Educational Progress

NOTE: Standard errors are shown in parentheses

'Data are for the percentage who reached but did not surpass the given level

SOURCE National Center for Education Statistics. NAEP 1992 Mathentafics Report Card for the Nation and the States (Washington. DC: 1993).

See figure 1-4 and text table 1-1 Science & Engineering Indicators -. 1993
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Appendix table 1-18.
Distribution of scores on the mathematics SAT, by sex-all students: 1987 and 1992

Score range All students Males Females All students Males Females

Number Percent

1987

Total test-takers 1.080.426 520.326 560.100

200-249 11.823 4.377 7,446 1.1 0 8 1.3

250-299 60.562 22.100 38.462 5.6 1.2 6.9

300-349 . . ....... . . 98.146 37,270 60.876 9.1 7.2 10.9

350-399 . . 136.231 54.035 82,196 12.6 10.4 14.7

400-449 153.459 64,848 88,611 14.2 12.5 15.8

450-499 162.476 73,681 88.795 15.0 14.2 15.9

500-549 137,116 68.048 69.068 12.7 13.1 12.3

550-599 122,642 66.808 55.834 11.4 12.8 10.0

600-649 90,548 53.871 36.677 8.4 10.4 6.5

650-699 65.698 43.266 22,432 6.1 8.3 4.0

700-749 30.737 22.897 7.840 2.8 4.4 1.4

750-800 10.988 9.125 1,863 1.0 1.8 0.3

1992

Total test-takers 1.034.131 491.748 542.383

200-249 13.414 4.982 8.432 1.3 1.0 1.6

250-299 52.302 19.362 32.940 5.1 3.9 6.1

300-349 97.115 37.135 59,980 9.4 7.6 11.1

350-399 128.711 51.452 77.259 12.4 10.5 14.2

400-449 143.226 60.496 82.730 13.8 12.3 15.3

450-499 150.941 68.108 82.833 14.6 13.9 15.3

500-549 150.284 73.137 77,147 14.5 14.9 14.2

550-599 110,741 58.305 51,936 10.7 12.0 9.6

600-649 82,996 48,034 34,962 8.0 9.8 6.4

650-699 56,882 36,001 20.881 5.5 7.3 3.8

700-749 . . 33.387 23,209 10,178 3.2 4.7 1.9

750-800 14.132 11.027 3.105 1.4 2.2 0.6

SAT = Scholastic Aptitude Test

SOURCES The College Board. College-Bound Seniors 1987 Profile of SAT and Achievement Test Takers (Princeton; Educational Testing Service, 19871; and The
College Board. College-Bound Seniors. 1992 Profile of SAT and Achievement Test Takers (Princeton: Educational Testing Service. 1992).

See figures 1-7 and 1-8 Science & Engineering Indicators - 1993
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Appendix table 1-19.
Distribution of scores on the mathematics SAT, by sex-white students: 1987 and 1992

Score range All students Males Females All students Males Females

Number Percent

1987

Total test-takers 788,613 378.278 410,335

200-249 4,346 1,501 2,845 0.6 0.4 0.7

250-299 28,893 9,947 18.946 3.7 2.6 4.6

300-349 57.838 21.015 36,823 7.3 5.6 9.0

350-399 91.828 35.175 56,653 11.6 9.3 13.8

400-449 113,172 46.106 67,066 14.4 12.2 16.3

450-499 125,741 55,316 70.425 15.9 14.6 17.2

500-549 109,576 53,251 56,325 13.9 14.1 13.7

550-599 99.391 53,244 46,147 12.6 14.1 11.2

600-649 73.253 43.287 29.966 9.3 11.4 7.3

650-699 52,908 34,853 18.055 6.7 9.2 4.4

700-749 23,679 17.839 5,840 3.0 4.7 1.4

750-800 7,988 6.744 1,244 1.0 1.8 0.3

1992

Total test-takers 680,806 321,665 359.141

200-249 4,181 1.403 2,778 0.6 0.4 0.8

250-299 20,993 7,188 13,805 3.1 2.2 3.8

300-349 49,044 17.681 31,363 7.2 5.5 8.7

350-399 77,003 29.208 47,795 11.3 9.1 13.3

400-449 95,104 38,521 56,583 14.0 12.0 15.8

450-499 107,209 46,931 60,278 15.7 14.6 16.8

500-549 111,367 53.118 58.249 16.4 16.5 16.2

550-599 83.059 43,600 39.459 12.2 13.6 11.0

600-649 61.710 35,642 26,068 9.1 11.1 7.3

650-699 40,740 25,985 14,755 6.0 8.1 4.1

700-749 22.153 15.746 6,407 3.3 4.9 1.8

750-800 8,243 6.642 1,601 1.2 2.1 0.4

SAT = Scholastic Aptitude Test

SOURCES: The College Board. College-Bound Seniors: 1987 Profile of SAT and Achievement Test Takers (Princeton: Educational Testing Service. 1987): and The

College Board. College-Bound Seniors: 1992 Profile of SAT and Achievement Test Takers (Pnnceton: Educational Testing Service, 19921.

See figures 1-8 and 1-9. Science & Engineering Indicators - 1993
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Appendix table 1-20.
Distribution of scores on the mathematics SAT, by sex-Asian students: 1987 and 1992

AppendV A. Appendix Tables

Score range At students Males Females AM students Males Females

Number Percent

1987

Total test-takers 58,216 30,220 27.996

200-249 434 178 256 0.7 0.6 0.9
250-299 2,005 830 1.175 3.4 2.7 4.2
300-349 3,512 1.435 2,077 6.0 4.7 7.4
350-399 5.318 2,206 3,112 9.1 7.3 11.1
400-449 6,472 2,948 3,524 11.1 9.8 12.6
450-499 7,503 3.554 3.949 12.9 11.8 14.1
500-549 7.076 3.535 3.541 12.2 11.7 12.6
550-599 7,270 3.846 3.424 12.5 12.7 12.2
600-649 6.820 3.802 3.018 11.7 12.6 10.8
650-699 5,885 3,649 2,236 10.1 12.1 8.0
700-749 3.976 2,730 1.246 6.8 9.0 4.5
750-800 1,945 1,507 438 3.3 5.0 1.6

1992

Total test-takers 78,387 39,182 39.205

200-249 609 213 396 0.7 0.6 0.8
250-299 2.280 866 1.414 2.6 2.4 2.7
300-349 4,383 1.705 2.678 5.6 4.4 6.8
350-399 6,453 2,641 3,812 8.2 6.7 9.7
400-449 8.017 3,455 4,562 10.2 8.8 11.6
450-499 9.330 4.198 5,132 11.9 10.7 13.1
500-549 10.569 5.030 5.539 13.5 12.8 14.1
550-599 9,539 4,788 4.751 12.2 12.2 12.1
600-649 8.951 4.827 4,124 11.4 12.3 10.5
650-699 7,816 4,511 3.305 10.0 11.5 8.4
700-749 6.443 4,065 2,378 8.2 10.4 6.1

750-800 3.997 2.883 1.114 5.1 7 4 2 8

SAT = Scholastic Aptitude Test

SOURCES. The College Board. College-Bound Seniors: 1987 Profile of SAT and Achievement Test Takers (Princeton. Educational Testing Service. 1987): and The
College Board. College-Bound Seniors 1992 Profile of SAT and Achievement Test Takers (Princeton: Educational Testing Service. 19921

See figures 1-8 and 1-9. Science & Engineering Indicators - 1993
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Appendix table 1-21.
Distribution of scores on the mathematics SAT, by sex-black students: 1987 and 1992

Score range All students Males Females All students Males Females

Number Percent

1987

Total test-takers 88,037 36,193 51,844

200-249 3,928 1,471 2,457 4.5 4.1 4.7

250-299 15,992 5,796 10,196 18.2 16.0 19.7

300-349 18,060 6,766 11,294 20.5 18.7 21.8

350-399 17,242 6,705 10,537 19.6 18.5 20.3

400-449 12,626 5,293 7,333 14.3 14.6 14.1

450-499 9,098 4,089 5,009 10.3 11.3 9.7

500-549 5,121 2,520 2,601 5.8 7.0 5.0

550-599 3,190 1,788 1,402 3.6 4.9 2.7

600-649 1,684 1,002 682 1.9 2.8 1.3

650-699 795 525 270 0.9 1.5 0.5

700-749 252 195 57 0.3 0.5 0.1

750-800 49 43 6 0.1 0.1 0.0

1992

Total test-takers 99,126 41,649 57,477 4.3 3.8 4.6

200-249 4,257 1,595 2,662 14.6 13.2 15.6

250-299 14,444 5,497 8,947 20.7 19.1 22.0

300-349 20,564 7,946 12,618 19.4 18.7 20.0

350-399 19,273 7,790 11,483 15.3 15.4 15.2

400-449 15,181 6,418 8,763 11.0 11.7 10.5

450-499 10,867 4,860 6,007 7.4 8.4 6.7

500-549 7,379 3,516 3,863 3.8 4.7 3.1

550-599 3,757 1,957 1,800 2.0 2.8 1.5

600-649 2,018 1,161 857 1.0 1.5 0.6

650-699 956 610 346 0.3 0.6 0.2

700-749 340 231 109 0.1 0.2 0.0

750-800 90 68 22

SAT = Scholastic Aptitude Test

SOURCES: The College Board, College-Bound Seniors: 1987 Profile of SAT and Achievement Test Takers (Princeton: Educational Testing Service, 1987): andThe

College Board, College-Bound Seniors: 1992 Profile of SAT and Achievement Test Takers (Princeton: Educational Testing Service, 1992).

See figures 1-8 and 1-9. Science & Engineering Indicators 1993
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Appendix table 1-22.
Distribution of scores on the mathematics SAT, by sex-Hispanic students: 1987 and 1992
(page 1 of 2)

Appendix A. Appendix Tables

Score range All students Males Females All students Males Females

Number Percent

Latin Americans

Total test-takers, 1987 18,895 10,157 9.997

200-249 422 1.398 283 2.2 13.8 2.8
250-299 .. 1.903 648 1,255 10.1 6.4 12.6
300-349 2.554 919 1.635 13.5 9.0 16.4
350-399 3.014 1.217 1.797 16.0 12.0 18.0
400-449 2.953 1.318 1.635 15.6 13.0 16.4
450-499 2.649 1,341 1,308 14.0 13.2 13.1
500-549 1,980 1,095 885 10.5 10.8 8.9
550-599 1.507 894 613 8.0 8.8 6.1
600-649 965 644 321 5.1 6.3 3.2
650-699 623 442 181 3.3 4.4 1.8
700-749 257 187 70 1.4 1.8 0.7
750-800 .......... . . 68 54 14 0.4 0.5 0.1

Total test-takers, 1992 . . . . 26.766 12.040 14.726

200-249 684 221 463 2.6 1.8 3.1
250-299 . 2.311 722 1.589 8.6 6.0 10.8
300-349 3.845 1.381 2.464 14 4 11.5 16.7
350-399 . . 4.401 1,715 2.686 16.4 14.2 18.2
400-449 3.987 1.718 2,269 14.9 14.3 15.4
450-499 3.697 1.735 1.962 13.8 14.4 13.3
500-549 3,103 1.597 1.506 11.6 13.3 10.2
550-59t:, 2,050 1.162 888 7.7 9.7 6.0
600-649 1.361 858 503 5.1 7.1 3.4
650-699 799 529 270 3.0 4.4 1.8
700-749 403 300 103 1.5 2.5 0.7
750-800 125 102 23 0.5 0.8 0.2

Mexican-Americans

Total test-takers, 1987 20.714 9,605 11,109

200-249 361 123 238 1.7 1.3 2.1

250-299 1,916 639 1,277 9.2 6.7 11.5
300-349 3.103 1.145 1,958 15.0 11.9 17.6
350-399 3.783 1.483 2.300 18.3 15.4 20.7
400-449 3.455 ; .544 1.911 16.7 16.1 17.2
450-499 3.054 1.530 1.524 14.7 15.9 13.7
500-549 1.967 1.079 888 9.5 11.2 8.0
550-599 1.564 953 611 7.6 9.9 5.5
600-649 890 618 272 4.3 6.4 2.4
650-699 427 328 99 2.1 3.4 0.9
700-749 145 118 27 0.7 1.2 0.2
750-800 . 49 45 4 0.2 0.5 0.0

Total test-takers, 1992 30.336 13,751 16.585

200-249 . . 606 207 399 2.0 1.5 2 4
250-299 2,523 815 1.708 8.3 5.9 10.3
300-349 4.460 1.666 2.794 14.7 12.1 16.8
350-399 . 5.385 2.157 3,228 17.8 15.7 19.5
400-449 . . 5.283 2.246 3.037 17.4 16.3 18.3
450-499 4.335 2.093 2,242 14.3 15.2 13.5
500-549 3.513 1.845 1.669 11.6 13.4 10 1

550-599 . . 2.063 1.212 851 6.8 8 8 5

600-649 1.187 761 426 3.9 5 5 2.6
650-690 . . 636 466 170 2.1 3.4 1.0
700-749 271 215 56 0.9 1.6 0.3
750-800 . . 74 68 6 0 2 0.5 0 0

(continued)
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Appendix table 1-22.
Distribution of scores on the mathematics SAT, by sex-Hispanic students: 1987 and 1992
(page 2 of 2)

245

Score range AU students Males Females All students Males Females

Number Percent

Puerto Ricans

Total test-takers, 1987 10,304 4,636 5.668

200-249 412 131 281 4.0 2.8 5.0

250-299 1.428 475 953 13.9 10.2 16.8

300-349 1,825 706 1,119 17.7 15.2 19.7

350-399 1,849 774 1,075 17.9 16.7 19.0

400-449 1,530 683 847 14.8 14.7 14.9

450-499 1,335 676 659 13.0 14.6 11.6

500-549 782 445 337 7.6 9.6 5.9

550-599 575 357 218 5.6 7.7 3.8

600-649 312 203 109 3.0 4.4 1.9

650-699 188 131 57 1.8 2.8 1.0

700-749 51 40 11 0.5 0.9 0.2

750-800 17 15 2 0.2 0.3 0.0

Total test-takers, 1992 12,091 5.304 6.795

200-249 458 163 295 3.8 3.1 4.3

250-299 1,468 471 997 121 8.9 14.7

300-349 2.084 763 1,321 17.2 14.4 19.4

350-399 . . 2.144 879 1,265 17.7 16.6 18.6

400-449 1.816 790 1,026 15.0 14.9 15.1

450-499 1,587 739 848 13.1 13.9 12.5

500-549 1,170 623 547 9.7 11.7 8.1

550-599 637 362 275 5.3 6.8 4.0

600-649 401 261 140 3.3 4.9 2.1

650-699 213 158 55 1.8 3.0 0.8

700-749 86 64 22 0.7 1.2 0.3

750-800 27 31 4 0.2 0.6 0.1

SAT = Scholastic Aptitude Test

SOUrCES The College Board. College-Bound Seniors: 1987 Profile of SAT and Achievement Test Takers (Princeton: Educational Testing Service, 1987): and The
College Board. College-Bound Seniors. 1992 Profile of SAT ar,d Achievement Test Takers (Princeton: Educational Testing Service. 1992)

See figures 1-8 and 1-9. Science & Engineering Indicators 1993
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Appendix table 1-23.
Distribution of scores on the mathematics SAT, by sex-Native American students: 1987 and 1992

Score range All students Males Females All students Males Females

Number Percent

1987

Total test-takers 10,107 4,863 5,244

200-249 160 63 97 1.6 1.3 1.8

250-299 881 312 569 8.7 6.4 10.9
300-349 1,345 532 813 13.3 10.9 15.5
350-399 1,688 720 968 16.7 14.8 18.5
400-449 1,690 794 896 16.7 16.3 17.1

450-499 1,559 760 799 15.4 15.6 15.2
500-549 1,146 615 531 11.3 12.6 10.1

550-599 805 497 308 8.0 10.2 5.9

600-649 471 310 161 4.7 6.4 3.1

650-699 241 164 77 2.4 3.4 1.5

700-749 98 76 22 1.0 1.6 0.4
750-800 23 20 3 0.2 0.4 0.1

1992

Total test-takers 7,412 3,525 3,887

200-249 140 65 75 1.9 1.8 1.9

250-299 532 193 339 7.2 5.5 8.7
300-349 941 352 589 12.7 10.0 15.2

350-399 1,110 454 656 15.0 12.9 16.9
400-449 1,230 560 670 16.6 15.9 17.2a
450-499 1,110 542 568 15.0 15.4 14.6
500-549 1,001 523 478 13.5 14.8 12.3

550-599 593 344 249 8.0 9.8 6.4
600-649 390 244 146 5.3 6.9 3.8
650-699 243 159 84 3.3 4.5 2.2

700-749 94 68 26 1.3 1.9 0.7
750-800 28 21 7 0.4 0.6 0.2

SAT = Scholastic Aptitude Test

SOURCES: The College Board, College-Bound Seniors: 1987 Profile of SAT and Achii vement Test Takers (Princeton: Educational Testing Service, 1987): and The
College Board, College-Bound Seniors 1992 Profile of SAT and Achievement Test Takers (Princeton: Educational Testing Serrice. 1992).

See figures 1-8 and 1-9. Science 8 Engineering Incicators 1993
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Appendix table 1-24.
Minority student population and new minority and female high school teachers, by state: 1991

247

State
Minority
students

New mathematics teachers _
Minority Female

New science teachers

Minority Female

Percent

Alabama 37 41 61 4 65

Arizona 39 NA NA NA NA

Arkansas 26 27 50 0 35

California 54 53 45 18 48

Colorado 25 25 47 2 67

Connecticut 25 23 67 9 73

Delaware 32 30 60 20 33

Florida 38 41 63 20 56

Hawaii 87 76 56 50 33

Idaho 0 8 41 0 50

Illinois 34 35 57 4 55

Indiana 14 14 50 2 64

Iowa . 6 8 47 3 43

Kansas 15 14 44 2 43

Kentucky 10 10 66 5 61

Maine 0 3 42 NA 57

Maryland 38 NA NA NA NA

Michigan 22 22 55 2 42

Minnesota 10 10 59 NA 47

Mississippi 52 48 69 16 56

Missouri 0 18 62 4 52

Montana 11 12 36 0 15

Nevada 26 26 42 9 41

New Jersey 35 32 70 11 47

New Mexico 58 58 47 28 31

New York 34 34 46 NA 61

North Carolina 34 32 72 12 67

North Dakota 9 NA NA NA NA

Ohio 17 16 38 0 40

Oklahoma 26 28 60 0 50

Pennsylvania 28 17 51 11 40

Rhode Island 16 17 38 20 80

South Carolina 42 43 64 2 63

South Dakota 0 13 33 0 23

Texas 50 48 55 21 51

Utah . . 7 8 50 13 13

Vermont 2 3 33 0 67

Virginia ... 32 NA NA NA NA

Wisconsin . 15 NA NA NA NA

Wyoming 10 10 27 0 45

Puerto Rico 100 100 56 100 77

NA = not available

NOT E Data are as of October 1991. and reflect reports from 35 States and Puerto Rico

SOURCES R Blank and D Grubel. State Indicators of Science and Mathematics Education 1993 (Wasnington. DC Council of Chief State School Officers. 1993). and
National Center for Education Statistics. Schools and Staffing in the United States A Statistical Profile. 1990-91 (Washington. DC Department of Education. 1993)

Science <4 Engineering Indicators - 1993
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Appendix table 1-25.
Mathematics and science teachers of grades 9-12 with majors in their field, by state: 1988 and 1991

Mathematics teachers witil math majors Science teachers with science majors

State 1988 1991 1988 1991

Percent

All states 63 61 64 70

Alabama 69 87 63 63

Alaska 32 25 55 68

Arizona NA 64 51 69

Arkansas 63 67 54 48

California 37 33 54 62

Colorado 55 49 75 75

Connecticut 57 73 67 85

Delaware NA NA NA NA

District of Columbia NA NA NA NA
Florida 60 52 67 67

Georgia 76 75 62 77

Hawaii NA NA NA NA

Idaho 60 45 52 63

Illinois 67 63 63 77

Indiana 59 68 65 79

Iowa 64 57 68 72

Kansas 74 78 44 66

Kentucky 73 77 67 72

Louisiana 55 55 44 50

Maine 49 62 57 73

Maryland 90 68 NA 82

Massachusetts 61 58 62 84
Michigan 71 60 68 70

Minnesota 75 79 82 80

Mississippi 77 80 72 71

Missouri 71 70 76 65

Montana 62 72 68 71

Nebraska 67 76 55 72

Nevada NA 67 NA NA

New Hampshire NA NA NA NA

New Jersey 73 75 82 73

New Mexico 57 54 54 41

New York 67 60 69 84

North Carolina 60 73 64 84

North Dakota 65 69 74 63

Ohio 68 71 71 66

Oklahoma 52 65 56 58

Oregon 42 48 66 78

Pennsylvania 83 82 81 78

Rhode Island NA NA NA NA

South Carolina 68 71 78 64

South Dakota 65 67 44 57

Tennessee 57 51 44 52

Texas 60 54 57 56

Utah 40 47 37 66

Vermont. NA NA NA NA

Virginia . 71 62 77 69

Washington . 43 43 43 64

West Virginia . . . . ........ . 74 74 58 70

Wisconsin 76 75 77 74

Wyoming 55 73 49 77

NA - not available

SOURCE R Blank and D Gruebel. Sta e Indicators of Science and Mathematics Education 1993 (Washington. DC 1993) and R Blank and M Dalkihc State
Indicators of Science and Mathematics Education 1990 (Washington. DC Council of Chief Stale School Of ficer5 1990)
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Appendix table 2-1.
Participation rate of 22-year-olds in first university degree in the natural sciences and engineering, by region/country:
Most current year

Region/Country

All
Degree fields 22-year-olds

first univ. Natural Social Total With first With NS&E
degrees sciences sciences Engineering' number univ. degrees degrees2

Percent-----

Asia

Total 1 673,901 252,767 95,071 261,410 44,043,600 3.8 1.2

China 308,930 49,834 25,305 112,814 25,428,000 1.2 0.6

India 750,000 146,774 NA 29,000 15,545,800 4.8 1.1

Japan3 400,103 25,153 56,264 81,355 1,787,400 22.4 6.0

Singapore 6,000 1,278 117 1,220 52,400 11.5 4.8

South Korea 165,916 23,195 10,211 28,071 859,000 19.3 6.0
Taiwan 42,952 6,533 3,174 8,950 371,000 11.6 4.2

Europe

Total Europe 813,752 124,192 101,671 135,090 7,423,880 11.1 3.5

European Community 604,551 99,306 89,987 95,594 5,548,880 11.1 3.5

Belgium 17,666 2,012 4,060 1,911 148,260 11.9 2.7

Denmark 13,934 573 674 2,764 78,900 17.7 4.2

France 77,904 14,320 6,991 16,080 849,480 9.2 3.6

Germany 137,376 26,321 33,935 38,288 1,361,120 10.9 5.1

Greece 28,264 4,187 2,965 2,447 154,560 18.3 4.3

Ireland 8,429 1,495 491 1,156 65,880 12.8 4.0

Italy 89,481 14,249 17,127 11,740 945,180 9.5 2.8

The Netherlands 20,382 2,775 4,973 2,761 247,020 8.3 2.2

Portugal 12,053 1,203 1,129 2,064 169,840 7.1 1.9

Spain 121,899 13,302 5,519 6,644 655,640 18.6 3.0

United Kingdom 77,163 18,869 12,123 9,739 873,000 8.9 3.2

European Free Trade Assoc. 69,015 6,779 3,831 9,055 466,400 14.7 3.4

Austria 10,457 1,510 683 989 116,840 8.7 2.1

Finland 14,325 1,818 744 2,939 68,760 20.8 6.9

Norway 18,486 495 496 1,891 67,060 27.6 3.6

Sweden 17,062 1,491 1,200 2,547 117,580 14.5 3.4

Switzerland 8,685 1,465 708 689 96,160 9.0 2.2

Central Europe 140,186 18,107 7,853 30,441 1,408,600 10.0 3.5

Albania 3,353 963 949 546 61,480 5.5 2.5

Bulgaria 21,817 1,972 574 5,813 121,160 18.0 6.4

Czechoslovakia 24,906 3,072 136 9,409 214,560 11.6 5.8

Hungary 12,468 1,046 555 1,323 141,400 8.8 1.7

Poland 50,058 7,024 2,081 7,391 500,000 10.0 2.9

Yugoslavia 27,584 4,030 4,258 5,959 370,000 7.5 2.7

North America

Total 1 356,618 128,483 201,210 118,704 5,541,600 24.5 4.5

Canada 130,164 13.420 23,120 7,739 391,800 33.2 5.4

Mexico 118,457 9,680 7,985 30,484 1,565,800 7.6 2.6

United States 1 107,997 105,383 170,105 80,481 3,584,000 30.9 5.2

NA = not available NS&E = natural sciences and engineering

NOTES: Data are compiled from numerous national and international sources and may not be strictly comparable. For Asian countries, detailed national education
statistics were reconfigured to the International Standard Classification of Education and Classification of Instructional Programs. For Europe, detailed national
education data were available for Austria. France. Germany, Switzerland, and the United Kingdom; these data were standardized. Data for Austria, Finland. Greece,
Sweden, the United Kingdom, and the United States are for 1991. Data for Albania, the former Czechoslovakia, and Portugal are for 1989; Belgium data are for 1988
All other country data are for 1990. Degrees in different countries may not be academically equivalent

'Includes degrees in engineering technology.

2Social science degrees are not included in this proportion.

'Japanese social sciences data are adlusted to delete business administration.

SOURCES. National sources

See figure 2-1 and text table 2-:1

I
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252 Appendix A. Appendix Tables

Appendix table 2-2.
Ratio of science and engineering degrees to total first university degrees,
by region/country: Most current year

Region/country Total S&E Natural sciences Social sciences Engineering'

Percent

Asia

China 61 16 8 37

India 24 20 NA 4

Japan2 40 6 14 20

Singapore 43 21 2 20

South Korea 37 14 6 17

Taiwan 43 15 7 21

Europe

European Community
Belgium 45 11 23 11

Denmark 29 4 5 20

France 48 18 9 21

Germany 72 19 25 28

Greece 34 15 10 9

Ireland 36 18 6 12

Italy 48 16 19 13

The Netherlands 52 14 24 14

Portugal 36 10 9 17

Spain 21 11 5 5

United Kingdom 51 24 15 12

European Free Trade Assoc.
Austria 30 14 7 9

Finland 39 13 5 21

Norway 16 3 3 10

Sweden 31 9 7 15

Switzerland 33 17 8 8

Central Europe
Albania 52 29 7 16

Bulgaria 39 9 3 27

Czechoslovakia 51 12 1 38

Hungary 23 8 4 11

Poland 33 14 4 15

Yugoslavia 52 15 15 22

North America

Canada 34 10 18 6

Mexico 41 8 7 26

United States 32 10 15 7

NA = not available: S&E = science ai.d engineering

'Includes degrees in engineering technology.

2,Iapanese social sciences data are adjusted to delete business administration.

SOURCE: Computed from data in appendix table 2-1

See figure 2-2. Science & Enaineering Indicators 1993
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Appendix table 2-3.
Participation rate of 22-year-olds in first university degrees in the natural sciences and engineering, by sex and country:
Most current year

Country

All Degree fields 22-year-olds

first univ. Natural Social Total With first univ. With NS&E
degrees sciences sciences Engineering' number degree degree

Percent

Males

France 48,724 9,442 3.514 13.080 437,000 11.2 5.2
Germany 88,908 19,098 19,387 36.136 654,000 13.6 8.5
Japan2 290,253 20.221 138.708 78.705 915,800 31.7 10.8
Poland 23.015 3.518 788 6.373 252.800 9.1 3.9
South Korea 104.627 15,953 7.579 26.763 447.600 23.4 9.5
Sweden 7.203 896 262 2,018 60,800 11.8 4.8
Taiwan 23,556 4.723 1.167 8.110 190.800 12.4 6 7
United Kingdom 44.239 12,158 6.013 8,572 451,800 9.8 4.6
U ,ited States 508.952 61,906 74.900 68.851 1.769.400 28.8 7.4

Females

France 29.180 4.878 3.477 3.000 419.600 7.0 1.9
Germany 48.468 7.223 14,548 2,152 617,600 7.8 1.5
Japan2 109.750 4.932 18.519 2,650 871.600 12.6 0.9
Poland . . . ....... 27.043 3.506 1.293 1.018 240.800 11.2 1.9
South Korea 61,289 7.242 2.632 1.308 411.400 14.9 2.1

Sweden 9,859 595 938 529 58,000 17.0 1.9
Taiwan 19.396 1.810 2.007 840 180,200 10.8 1.5
United Kingdom 35.389 6.711 6,110 1,166 430,400 8.2 1.8
United States 566 284 42,680 87.359 9,973 1,856.000 30.5 1.4

NS&E = natural sciences and engineering

NOTE Data for Sweden. the United Kingdom. and the United States are for 1991 all others are for 1990.

'Includes enginaering technology

-Japanese social sciences data are adjusted to delete business administration.

SOURCES. For France, Department des Statistigues sur rEnseignement Superisur. Direction de rEvaluation et de la Prospective, Ministére de r Education Nationale,
for Germany. Profungen an Hochschuten. Statistisches Bundesamt. Wiesbaden: for Japan. the Monbusho Survey of Education. 1990: for Poland. Office of
International Relations Polish Academy of Sciences: for South Korea. Educational Yearbook. 1990: for Sweden. SCB Statistics Sweden: for Taiwan. Educational
Statistics of the Republic of China. 1990. for the United Kingdom. Universities Statistical Record, and for the United States. Science Resources Studies Division
National Science Foundation. Science and Engineering Degrees: 1960-90, NSF 92-326 (Washington. DC: NSF, 1992).

See text table 2-2 Science & Engineering Indicators -1993
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Appendix table 2-5.
Number of science and engineering degrees, by degree level and institution type: 1991

Institution type
Total

degrees

Total
science &

engineering
Natural

sciences

Math &
computer
sciences

Social &
behavioral
sciences Engineering

Engineering
technology'

Bachelors degrees

Total . 1 107,997 337,675 65,189 40,194 170.105 62,187 18,294

Research I . . 222,635 98.918 19,760 7.361 46,410 25,387 1,241
Research II 93,279 33,190 5.991 2,526 17.149 7,524 1,186
Doctorate-granting I 95,749 27,384 4.795 2,940 14,579 5,370 1,400
Doctorate-granting II 69,735 21,987 4,024 2,639 9,416 5,908 1,136
Comprehensive I 406,621 100,524 18,323 16,310 51.988 13,903 8,251
Comprehensive II 52,356 11,671 2,725 2,172 6,353 421 389
Liberal arts I 46.694 22.220 5.179 1,566 15,014 461 27
Liberal arts II . 66.403 14,011 3,305 2,417 8.020 269 324
Two-year 3,493 515 78 115 152 170 469
Specialized 42.629 4.866 687 1,781 257 2,141 s?.,593

Other 4.766 2,299 322 292 767 918 50
Not classified 3,637 90 0 75 0 15 228

Masters degrees

Total 338.498 78.368 12.682 12.956 28,717 24.013 1,188

Research I 91,729 29.464 5,511 3,795 8,535 11.623 139
Research II 29,589 9.109 1,646 1,265 2,980 3.218 109
Doctorate-granting I 36.141 7,642 1.222 1.365 3,197 1,858 104
Doctorate-granting II 26.469 7,037 1.189 1,284 2,163 2,401 107
Comprehensive I 109.166 18.358 2,471 4,110 8,389 3,388 555
Comprehensive II 11.980 1,452 67 249 1.091 45 27
Liberal arts I 3.751 833 86 53 651 43 0

Liberal arts ll 7.452 791 40 23 718 10 0

Two-year 7 0 0 0 0 0 0

Specialized 17.962 2.182 380 720 184 898 94
Other 3.755 1.476 70 86 791 529 53

Not classified 497 24 0 6 18 0 0

Doctoral degrees

Total 37.451 23.979 10.152 1.837 6.778 5,212

Research I 22.735 15,632 6.837 1,292 3,754 3.749 0

Research II 5.714 3,423 1.477 260 1,047 639 0

Doctorate-granting I 4.866 2.387 796 167 1,074 350 0

Doctorate-granting II 2.028 1.270 489 78 364 339 0

Comprehensive I 678 348 143 29 95 81 0

Comprehensive II 22 15 0 0 0 15 0

Liberal arts I . 88 33 9 4 20 0 0

Liberal arts II 7 0 0 0 0 0 0

Specialized 875 486 392 1 66 27 0

Other 377 370 9 6 343 12 0

Not classified 61 15 0 0 15 0 0

Engineering technology is not included under "Total science & engineering."

SOURCES- National Center for Education Statistics. U.S. Department of Education. ,7,ompletion Survey. 1991: and Science Resources Studies Division, National
Science Foundation, unpublished tabulations

See figures 2--5 and 2-6 and text table 2-3 Science & Engineering Indicators 1993

8
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Appendix table 2-6.
Number of institutions awarding science and engineering degrees, by degree level and institution type: 1991

Institution type
Total

degrees

Total Social &
science & behavioral

enaineering sciences
Natural

sciences

Math &
computer
sciences Engineering

Engineering
technology'

Bachelors degrees

Total 1,814 1.448 1,332 1,256 1,279 388 331

Research I 69 67 67 67 67 62 12

Research II 34 34 34 34 34 28 11

Doctorate-granting I 48 46 46 44 45 30 18

Doctorate-granting II 58 56 51 55 53 34 18

Comprehensive I 424 419 411 401 412 131 167

Comprehensive II 168 167 163 158 158 23 29

Liberal arts I 141 138 138 133 127 16 3

Liberal arts II . 413 389 373 332 316 32 30

Two-year 53 20 10 5 10 1 10

Specialized 335 94 29 22 50 22 27

Other 20 15 10 5 6 7 2

Not classified 51 3 0 0 1 2 4

Masters degrees

Total . 1.265 738 598 480 432 255 65

Research I 69 68 68 68 67 63 6

Research II 34 34 34 34 33 29 6

Doctorate-granting I 49 48 48 45 46 27 9

noctorate-granting II 58 57 48 54 48 30 6

Comprehensive I 384 318 271 202 190 76 31

Comprehensive II 123 50 37 12 16 5 1

Liberal arts I 54 30 21 17 9 2 0

Liberal arts II 156 42 37 8 3 1 0

Two-year 2 0 0 0 0 0 0

Specialized 279 69 17 36 15 17 5

Other 32 20 16 4 4 5 1

Not classified 25 . 1 0 1 0 0

Doctoral degrees

Total 355 299 221 257 156 167 0

Research I . 71 71 69 71 67 65 0

Research II 34 34 34 34 31 27 0

Doctorate-granting I 49 48 47 45 30 26 0

Doctorate-granting II 57 53 39 44 19 28 0

Comprehensive I 60 36 11 27 4 12 0

Comprehensive II 3 1 0 0 0 1 0

Liberal arts I 6 4 3 2 1 0 0

Liberal arts II 2 0 0 0 0 0 0

Specialized 59 38 7 32 1 5 0

Other 13 13 10 2 3 3 0

Not classified 1 1 1 0 0 0 0

'Engineering technology is not included under "Total science & engineering

SOURCES: National Center for Education Statistics. U.S Department of Education. Completion Survey. 1991: and Science Resources Studies Division. National

Science Foundation, unpublished tabulations.

See text table 2-3. Science & Engineering InO:cators 1993
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Appendix table 2-7.
Proportion of undergraduate instruction provided by various faculty members, by field and
institution type: 1990

All
institutions

Research
I & II

Doctorate
granting I & II

Comprehensive
I & II

Liberal
arts I & II

Geology

Percent

Full-time faculty 79 66 71 81 92
Part-time faculty 9 4 7 13 5

Teaching assistant 12 30 21 5 2

Other faculty 0 0 1 0 0

Physics
Full-time faculty 85 59 68 89 90
Part-time faculty 7 4 7 8 6

Teaching assistant. . . . 8 36 25 3 3

Other faculty 0 0 0 0 1

Sociology
Full-time faculty 82 68 78 83 P5

Part-time faculty 15 11 15 17 1

Teaching assistant. . . . 2 20 6 0 0

Other facuity ..... . . 1 1 0 0 0

SOURCES. Science Resources Studies Division (SRS). National Science Foundation. Survey on Undergraduate Education ;n
Geology (Washington. DC- NSF. 1992): SRS. Survey or: Undergraduate Education in Physics (Washington. DC NSF. 1992;
and SRS. Survey on Undergraduate Education in Sociology:Washington DC NSF 1992:.

See figure 2-7 and text table 2-4 Science S Engineering Indicatols -1993
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Appendix table 2-8
Total undergraduate enrollments, by race/ethnicity/citizenship and sex: 1976-91

Race. ethnicity. and citizenship 1976 280 1982 1984 1986 1988 1990 1991

Thousands

All students

Total 9.419 10.469 10.789 10,611 10.798 11.304 11 959 12.439

White 7.741 8.481 8.676 8.484 8,558 8.907 9.273 9,508
Asian 169 249 308 343 393 437 501 559

Black 943 1.019 1.020 995 996 1.039 1,147 1.229

Hispanic 353 433 480 495 563 631 725 804

Native American 76 84 88 84 90 93 95 106

Foreign citizen ...... 143 210 223 216 205 205 219 234

Men

Total . 4.897 4.997 5.140 5.002 5,018 5.134 5.339 5 571

White 4.052 4.055 4.134 4.005 3.978 4.054 4.166 4.273
Asian 91 129 163 182 207 224 247 281

Black 431 428 425 405 403 408 463 478

Hispanic 192 211 232 234 264 287 318 361

Native American 35 35 37 35 37 36 40 44

Foreign citizen 96 140 149 142 130 124 129 133

Women

Total 4.522 5.472 5.649 5.608 5.781 6.170 6.524 6.868

White . . 3.688 4.426 4.642 4.479 4.580 4.853 5.066 5.235
Asian ..... . . . 78 120 145 161 186 212 238 277

Black 513 591 595 590 594 631 684 751

Hispanic . . . .... 161 222 248 261 299 344 384 443

Native American 35 43 45 43 47 50 55 62

Foi eign citizen 47 70 74 74 74 81 97 101

SOURCES. National Center for Education Statistics INCESI U S Department of Education. Digest of Education Statistics. NCES 92-097 (Washington. DC
Government Printing Office. 19921. NCES. Trends in Raoal Ethnic Enrollment in Higher Education Fall 1982 Through Fall 1991 NCES 93-448 tWashinoton DC-
GPO 19931. and NCES. unpublished tabulations

Science Engineering hidicators -1993
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Apipendix table 2-13.
Planned college majors of National Merit Scholars: 1982-92
(page 1 of 2)

1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992

Total
Male . 2.830 2.851 3.026 3.197 3,247 3.041 2.987 3.198 3.006 3.103 3.192

Female 1,740 1.831 1,815 1,729 1.602 1.595 1.628 1.517 1.767 1,762 1.903

Engineering
Male . 969 1 068 1 039 1.112 1.142 1.030 997 1.049 952 1.098 1.185

Female 336 361 363 288 247 251 245 237 247 248 302

Natural sciences
Male 973 986 1.121 1.127 1,060 1.002 979 1,009 1 045 974 1.008

Female 544 656 603 578 483 478 476 422 521 544 606

Astronomy
Male 19 14 20 17 22 28 28 22 23 18 9

Female . . . 10 2 9 7 10 5 5 6 6 10 9

Biochemistry
Male 65 62 70 69 61 80 79 59 61 77 82

Female 56 65 77 72 45 63 53 53 63 58 85

Biosciences. unspecified
Male . . . 85 72 85 113 107 69 84 66 68 67 86

Female 103 122 131 121 115 79 95 84 101 91 107

Biology. botany. zoology
Male 61 42 47 46 56 75 73 60 93 86 82

Female 71 96 70 88 80 88 91 86 102 139 151

Biophysics
Male . . .. 4 8 12 13 5 10 5 9 6 5 13

Female . 5 5 4 3 1 2 1 4 2 0 3

Chermstry
Male 77 64 87 98 87 71 91 79 75 89 103

Female . . . 47 64 48 60 48 45 37 42 51 50 61

Computer sciences
Male 244 325 326 264 219 186 180 221 200 183 201

Female ....... 104 135 92 49 26 29 29 19 28 28 24

Earth sciences
Male 22 16 10 13 10 9 5 12 12 16 16

Female . . . 12 16 8 12 5 7 9 5 6 9 15

Math and statistics
Male 118 103 139 145 154 142 104 155 149 147 126

Female 65 63 91 74 73 69 68 50 74 70 68

Physical sciences. unspecified
Male 66 65 71 84 74 74 107 86 87 74 81

Female 33 29 37 36 29 43 49 26 45 37 41

Physics
Male 212 215 254 265 265 258 223 240 271 212 209

Female 38 59 36 56 51 48 39 47 43 52 42

Health sciences
Male 357 344 359 386 384 312 249 290 228 315 351

Female . ... 325 315 307 300 274 234 236 212 244 241 307

Social sciences
Male 210 206 231 244 303 320 346 375 346 295 279

Female . . 179 182 195 222 223 285 298 311 346 331 325

(continued)
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Appendix table 2-13.
Planned college majors of National Merit Scholars: 1982-92
(page 2 of 2)

1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992

Business
Maie 135 100 114 157 170 171 183 206 183 170 136
Female 138 135 139 135 147 116 136 104 109 111 88

Arts
Male 72 52 70 80 70 65 70 73 82 83 73
Female 78 72 78 71 80 76 76 49 78 35 77

Other
Male 114 95 92 91 118 141 163 196 170 168 160
Female 140 110 130 135 148 155 161 182 222 202 198

Undecided
Male 75 57 82 82 102 306 439 434 460 472 504
Female 67 51 93 78 82 298 285 321 368 333 401

SOURCE- National Merit Scholarship Corporation. Annual Report (Evanston. IL. Ongoing annual series). Usea with permission.

See figure 2-10 Science & Engineering Indicators -1993
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Appendix table 2-14.
Freshmen reporting need for remedial work in science or mathematics, by intended major, sex,
and race/ethnicity: 1992

Intended major
All

students

Sex
Race/ethnicity

White Asian Black Hispanic
Native

AmericanMale Female

S&E
Percent

Science 8.9 6.9 11.2 7.5 16.1 20.4 20.8 17.4

Math 20.6 15.4 26.9 19.1 18.8 44.1 38.0 38.3

Physical science
Science 6.2 4.4 3.6 4.5 11.5 19.7 16.0 26.4

Math 12.2 9.3 17.6 11.0 12.7 31.0 29.9 35.1

Biological science
Science 8.7 6.6 10.4 7.6 19.4 19.8 18.2 26.0

Math 23.3 19.2 27.0 21.5 22.4 48.8 38.1 42.7

Social science
Science 9.1 7.0 10.6 9.0 17.1 21.5 19.2 16.2

Math 26.3 21.2 30.0 25.2 25.8 54.1 44.9 51.3

Engineering
Science 8.5 7.4 13.4 6.4 14.6 20.5 23.0 18.0

Math 13.3 12.7 16.2 12.5 14.2 36.1 30.9 28.2

Non-S&E
Science 10.1 8.6 11.2 10.4 18.3 22.2 24.6 25.5

Math 24.4 21.0 27.0 25.8 26.0 49.7 41.0 44.6

S&E -= science and engineering

SOURCE: Higher Education Research Institute, University of California at Los Angeles. Survey of the American Freshman: National Norms (Los Angeles: 1992).
unpublished tabulations.

See figure 2-11. Science & Engineering Indicators -1993
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Appendix table 2-15.
Reasons given by high school seniors for not taking math and science classes: 1990 and 1993

Reason
All Sex....

students Male Female
Scilnath/eng

major

Plans after high school

Health Other college
major major

Noncollege-
bound

Math classes

Percent

There were other courses I wanted 1990 37 33 40 36 41 47 34
to take 1993 37 34 40 36 32 35 33

I do not like math 1990 35 27 40 41 41 43 31
1993 33 30 36 36 19 37 29

I did not think I would do well in 1990 30 28. 32 38 33 44 24
more advanced math classes 1993 31 31 32 50 23 37 23

I was advised I did not need to 1990 30 26 34 25 18 28 31
take more math 1993 30 28 32 36 18 16 31

I will not need advanced math for 1990 28 31 26 15 12 38 29
what I plan to do in the future 1993 27 23 30 20 16 34 25

I did not want to work that hard 1990 27 27 27 33 35 27 22
during my senior year 1993 30 31 29 30 37 32 26

I have taken the highest level math 1990 5 7 3 8 2 2 6
course available here 1993 6 7 5 9 4 5 7

1990 N 677 293 384 61 49 197 405
1993 N . 772 375 397 44 57 164 344

Science classes

I will not need advanced science 1990 40 42 37 35 12 52 39
for what I plan to do in the future 1993 34 36 33 25 4 47 31

There were other courses I wanted 1990 37 32 41 41 35 43 32
to take 1993 40 38 42 29 38 42 30

I was advised I did not need to 1990 30 26 33 26 28 28 34
take more science 1993 30 28 34 34 19 22 33

I do not like science 1990 29 22 35 24 19 36 29
1993 29 26 32 25 10 35 26

I did not think I would do well in 1990 24 24 24 24 16 29 22
more advanced science classes 1993 25 22 29 23 18 28 21

I did not want to work that hard 1990 23 21 25 26 27 28 21

during my senior year 1993 27 26 28 28 18 26 28

I have taken the highest level 1990 8 9 7 6 20 7 6
science course available here 1993 9 10 8 9 8 5 10

1990 N = 897 398 499 87 48 265 426
1993 N = 965 487 478 61 53 248 392

SOURCE: J.D. Miller. Longitudinal Study of American Youth (DeKalb. IL: Social Science Resea.cri Institute. Northern Illinois University. 19931. special tabulations.

Science & Engineering Indicators 1993
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Appendix table 2-16.
Selected math and science courses taken by high school seniors: 1990 and 1993

Course
All

students

Sex

Male Female
Sciimathieng

major

Plans after high school

Health Other college
major major

Noncollege-
bound

Math classes

Percent

Algebra 1990 89 88 89 9: 99 97 77

1993 91 91 92 98 98 98 79

Geometry 1990 71 70 71 93 95 89 48

1993 74 73 75 94 92 89 46

Trigonometry 1990 28 31 27 67 52 38 6

1993 36 36 37 74 54 42 8

Calculus 1990 8 10 6 26 16 11

1993 11 13 9 33 16 8

1990 N= 2.332 1.107 1,225 276 159 474 752

1993 N 2,046 1,071 975 229 199 464 579

Science classes

Low-level science 1990 75 74 76 62 60 73 84

1993 73 74 72 52 62 73 90

1990 92 93 92 98 98 98 86

1993 91 90 93 96 96 96 83

Chemistry 1990 53 54 53 84 84 73 27

1993 60 59 62 85 83 75 29

Physics 1990 23 27 19 52 51 27 6

1993 32 32 27 64 44 30 7

1990 N 2,296 1,096 1.201 276 159 486 748

1993 N 2,016 1,057 959 229 199 464 578

= fewer than 1

SOURCE: J D. Miller. Longitudinal Study of American Youth (DeKalb, IL: Social Science Research Institute, Northern Illinois University, 19931. special tabulations.

Science & Engineering Indicators 1993



A
pp

en
di

x 
ta

bl
e 

2-
17

.
E

ar
ne

d 
as

so
ci

at
e 

de
gr

ee
s,

 b
y 

se
x 

an
d 

fie
ld

: 1
91

5-
91

S
ex

 a
nd

 fi
el

d
19

75
19

76
19

77
19

78
19

79
19

80
19

81
19

82
19

83
19

84
19

85
19

86
19

87
19

88
19

89
19

90
19

91

T
ot

al
, a

ll 
de

gr
ee

s
36

2,
96

9
39

5,
39

3
40

9,
94

2
41

6,
94

7
40

7,
47

1
40

5,
71

0
42

0,
91

0
44

0,
00

0
46

1,
88

8
45

7,
85

1
45

9,
08

7
45

1,
25

8
44

0,
81

6
44

1,
09

3
44

0,
37

5
45

9,
04

8
48

6,
29

7
S

ci
en

ce
 a

nd
 e

ng
in

ee
rin

g.
N

A
N

A
N

A
N

A
N

A
N

A
N

A
N

A
23

,9
01

28
,1

83
26

,5
80

25
,3

59
23

,1
30

21
,5

20
19

,7
33

19
,8

10
19

,3
52

N
at

ur
al

 s
ci

en
ce

s'
N

A
N

A
N

A
N

A
N

A
N

A
N

A
N

A
5,

13
0

5,
07

8
4,

41
6

4,
01

6
3,

69
4

3,
81

8
3,

71
2

3,
99

6
4,

11
2

M
at

h 
an

d 
co

m
pu

te
r

sc
ie

nc
es

N
A

N
A

N
A

N
A

N
A

N
A

N
A

N
A

10
,6

95
13

,6
96

13
,6

79
11

,5
67

9,
95

3
9,

57
5

8,
84

6
8,

60
0

8,
64

0
S

oc
ia

l &
 b

eh
av

io
ra

l
sc

ie
nc

es
 2

/
N

A
N

A
N

A
N

A
N

A
N

A
.

N
A

N
A

4,
80

3
4,

85
2

4,
56

2
4,

48
7

4,
89

4
4,

23
1

4,
44

0
4,

80
9

4,
08

7
E

ng
in

ee
rin

g
N

A
N

A
N

A
N

A
N

A
N

A
N

A
N

A
3,

27
3

4,
55

7
3,

92
3

5,
28

9
4,

58
9

3,
89

6
2,

73
5

2,
40

5
2,

51
3

E
ng

in
ee

rin
g 

te
ch

no
lo

gy
.

30
,9

06
36

.2
63

38
,5

88
41

,7
08

41
,7

16
43

,6
96

52
,4

78
58

,5
74

51
,3

32
50

,7
18

53
,6

93
49

,9
04

49
,8

13
49

,6
40

48
,3

42
46

,9
31

45
,1

04

M
al

e,
 a

ll 
de

gr
ee

s'
19

1,
85

5
21

1,
33

0
21

2,
12

0
20

6.
76

6
19

3,
69

6
18

5,
32

9
19

0,
15

2
19

8,
69

8
20

8,
83

0
20

4,
51

7
20

4,
32

5
19

7,
95

5
19

2,
22

7
19

1,
91

2
18

7,
12

5
19

2,
43

3
20

0,
04

3
S

ci
en

ce
 a

nd
 e

ng
in

ee
rin

g.
N

A
N

A
N

A
N

A
N

A
N

A
N

A
N

A
13

,1
84

15
,7

36
14

,7
46

14
,4

46
13

,1
52

12
,2

66
10

,6
07

10
,5

68
10

,3
60

N
at

ur
al

 s
ci

en
ce

s'
N

A
N

A
N

A
N

A
N

A
N

A
N

A
N

A
3,

00
3

2,
97

4
2,

51
1

2,
21

6
2,

11
3

2,
15

1
1,

96
5

2,
19

5
2,

27
8

M
at

h 
an

d 
co

m
pu

te
r

sc
ie

nc
es

 ..
..

N
A

N
A

N
A

N
A

N
A

N
A

N
A

N
A

5,
39

0
7,

00
7

7,
12

8
6,

01
5

5,
29

7
5,

02
8

4,
56

3
4,

43
1

4,
43

8
S

oc
ia

l &
 b

eh
av

io
ra

l
sc

ie
nc

es
2.

.
N

A
N

A
N

A
N

A
N

A
N

A
N

A
N

A
1,

87
6

1,
71

3
1,

60
6

1,
58

8
1,

65
0

1,
61

7
1,

67
1

1,
82

5
1,

41
1

E
ng

in
ee

rin
g

.
N

A
N

A
N

A
N

A
N

A
N

A
N

A
N

A
2,

91
5

4,
04

2
3,

50
1

4,
62

7
4,

09
2

3,
47

0
2,

40
8

2.
11

7
2,

23
3

E
ng

in
ee

rin
g 

te
ch

no
lo

gy
.

29
.1

08
33

,0
53

34
.9

57
37

,0
15

36
,7

49
37

,8
47

45
,3

29
50

,8
23

45
,5

36
45

,1
08

47
,9

71
44

,3
64

44
,1

57
44

,0
47

42
,7

66
41

,4
28

39
,7

75

F
or

na
le

. a
ll 

de
gr

ee
s

17
1.

11
4

18
4,

06
3

19
7,

82
2

21
0,

18
1

21
3,

77
5

22
0,

38
1

23
0,

75
8

24
1,

30
2

25
3,

05
8

25
3,

33
4

25
4,

76
2

25
3,

30
3

24
8.

58
9

24
9,

18
1

25
3,

25
0

26
6,

61
5

28
6,

25
4

S
ci

en
ce

 a
nd

 e
ng

in
ee

rin
g.

N
A

N
A

N
A

N
A

N
A

N
A

N
A

N
A

10
,7

17
12

,4
47

11
,8

34
10

,9
13

9,
97

8
9,

25
4

9,
12

6
9,

24
2

8,
99

2
N

at
ur

al
 s

ci
en

ce
s'

N
A

N
A

N
A

N
A

N
A

N
A

N
A

N
A

2,
12

7
2,

10
4

1,
90

5
1,

80
0

1,
58

1
1,

66
7

1,
74

7
1,

80
1

1,
83

4
M

at
h 

an
d 

co
m

pu
te

r
sc

ie
nc

es
N

A
N

A
N

A
N

A
N

A
N

A
N

A
N

A
5,

30
5

6,
68

9
6,

55
1

5,
55

2
4,

65
6

4,
54

7
4,

28
3

4,
16

9
4,

20
2

S
oc

ia
l &

 b
eh

av
io

ra
l

sc
ie

nc
es

'
N

A
N

A
N

A
N

A
N

A
N

A
N

A
N

A
2,

92
7

3,
13

9
2,

95
6

2,
89

9
3,

24
4

2,
61

4
2,

76
9

2,
98

4
2,

67
6

E
ng

in
ee

rin
g 

.
.

.
.

.
N

A
N

A
N

A
N

A
N

A
N

A
N

A
N

A
35

8
51

5
42

2
66

2
49

7
42

6
32

7
28

8
28

0
E

ng
in

ee
rin

g 
te

ch
no

lo
gy

.
.

.
1,

79
8

3,
21

0
3.

63
1

4,
69

3
4,

96
7

5,
84

9
7,

14
9

7,
75

1
5,

79
6

5,
61

0
5,

72
2

5,
54

0
5,

65
6

5,
59

3
5,

57
6

5,
50

3
5,

32
9

N
A

 -
 n

ot
 a

va
ila

bl
e

N
O

T
E

 D
at

a 
on

 a
ss

oc
ia

te
 d

eg
re

es
 a

re
 n

ot
 a

va
ila

bl
e 

fo
r 

br
oa

d 
sc

ie
nc

e 
an

d 
en

gi
ne

er
in

g 
fie

ld
s 

be
fo

re
 1

98
3.

'T
he

 n
at

ur
al

 s
ci

en
ce

s 
in

cl
ud

e 
al

l p
hy

si
ca

l, 
en

vi
ro

nm
en

ta
l, 

bi
ol

og
ic

al
, a

nd
 a

gr
ic

ul
tu

ra
l s

ci
en

ce
s.

T
he

 s
oc

k
.in

cl
 b

eh
av

io
ra

l s
ci

en
ce

s 
in

cl
ud

e 
ps

yc
ho

lo
gy

, s
oc

io
lo

gy
, a

nd
 o

th
er

 s
oc

ia
l s

ci
en

ce
s.

S
O

U
R

C
E

S
 N

at
io

na
l C

en
te

r 
fo

r 
E

du
ca

tio
n 

S
ta

tis
tic

s.
 U

.S
. D

ep
ar

tm
en

t o
f E

du
ca

tio
n,

 E
ar

ne
d 

D
eg

re
es

 a
nd

 C
om

pl
et

io
n 

S
ur

ve
ys

; a
nd

 S
ci

en
ce

 R
es

ou
rc

es
 S

tu
di

es
 D

iv
is

io
n,

 N
at

io
na

l S
ci

en
ce

F
ou

nd
at

io
n,

 u
np

ub
lis

he
d 

ta
bu

la
tio

ns
.

S
ci

en
ce

 &
 E

ng
in

ee
rin

g 
In

di
ca

to
rs

 -
 1

99
3

30
9

31
0



Science & Engineering Indicators - 1993 271

Appendix table 2-18.
Earned associate degrees, by race/ethnicity and field: 1977-91

Race/ethnicity and field 1977 1979 1981 1985 1987 1989 1990 1991-
Total, all degrees . . 409,942 407.471 420,910 459,087 440,816 440,375 459,048 486,297

Science and engineering. . NA NA NA 28.346 24,743 22,074 22,113 22,082

Natural sciehcesi NA NA NA 4,691 3,950 3,952 4,286 4,430

Math and computer sciences . . NA NA NA 13.679 9,953 8.846 8,600 8,640

Social & behavioral sciences2 NA NA NA 6,053 6,252 6,544 6,825 6,502

Engineering NA NA NA 3,923 4,588 2,732 2,402 2,510

Engineering technology 38.244 40.891 51,661 51,579 47,434 46,180 44,739 42,595

White, all degrees. . . 342,382 331.173 339,183 355.422 345,546 330,557 343,629 376,869

Science and engineering NA NA NA 19,616 17,666 15,525 15,421 15,695

Natural sciences' NA NA NA 3,548 3,078 3,231 3,458 3,574

Math and computer sciences NA NA NA 10,255 7,360 6,044 5.704 6,054

Social & behavioral sciences NA NA NA 3,553 3,993 4,264 4,489 4,200

Engineering NA NA NA 2.260 3.235 1,986 1,770 1,867

Engineering technology 33,109 33,662 40.804 46.934 37.383 33,584 31,699 33,792

Asian, all degrees. . . 7.174 7,617 8,757 10,165 11.329 11,761 12,687 15,069

Science and engineering NA NA NA 864 1.094 891 909 912

Natural sciences' NA NA NA 86 112 120 179 220

Math and computer sciences NA NA NA 511 464 401 411 388

Social & behavioral sciences.' NA NA NA 83 149 176 168 158

Engineering NA NA NA 184 369 194 151 146

Engineering technology . . 781 1.132 1,641 1,570 1,989 1,663 1,499 1.496

Black, all degrees 33,176 34,985 35,330 35.861 33.858 32.185 32.882 37,854

Science and engineering. NA NA NA 2.027 2,127 1.817 1.924 2,038

Natural sciences' NA NA NA 160 198 125 153 149

Math and computer sciences NA NA NA 938 961 828 876 921

Social & behavioral sciences' . NA NA NA 781 719 744 807 842

Engineering NA NA NA 148 249 120 88 126

Engineering technology 1,990 2.022 2.903 3,395 3,100 2.829 2.648 3,030

Hispanic, all degrees 19.808 20,710 22,088 22.783 22,804 23,475 24.569 29,019

Science and engineering NA NA NA 1,776 2.031 1,744 1,473 1,740

Natural sciences' NA NA NA 248 281 236 215 232

Math and computer sciences . NA NA NA 676 620 609 591 677

Social & behavioral sciences ....... NA NA NA 726 761 723 569 678

Engineering NA NA NA 126 369 176 98 153

Engineering technology 1,644 1.799 2,219 2,084 2.359 2.232 2,298 2.411

Native American, all degrees 2,499 2,336 2.584 2,953 3,049 3.102 3,290 3,772

Science and engineering. NA NA NA 193 245 227 251 326

Natural sciences' NA NA NA 45 49 44 38 66

Math and computer sciences NA NA NA 56 49 67 84 91

Social & behavioral sciences. NA NA NA 81 120 104 117 148

Engineering NA NA NA 11 27 12 12 21

Engineering technology 204 191 285 267 219 257 168 232

NA = not available

NOTES- Data on associate degrees are not available lor bioad science ana engineering fields before 1983 Data by racialiethinic group were collected on abiennial

schedule until 1990 Data are not available by racialielhnic group for foreign citizens on temporary visas Data by racial!elbnic group are collected by broad fields of

study only. therefoie. these data cannot be adiusted to the exact held taxonomies used by the National Science Foundation.

'The natural sciences include all physical. environmental. biological. and agiicultural sciences.

The social and behavioral sciences include psychology. sociology, and other social sciences

SOURCES National Center for Education Statistics. U S Department of Education. Earned Degrees and Completion Surveys, and Science ResourcesStudies

Division. National Science Foundation, unpublished tabulations

See text table 2.5 Science 8 Engineering Indicators -1993
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274 Appendix A. Appendix Tables

Appendix table 2-20.
Earned bachelors degrees, by race/ethnicity/citizenship and field: 1977-91
(page 1 of 2)

Race,ethnicity and field 1977 1979 1981 1985 1987 1989 1990 1991

Total, all degrees 928.228 931.340 946.877 990.877 1.003.532 1.030,171 1.062.151 1.107.997
Science and engineering 374.579 373.431 374,693 355,253 355.873 351,150 360.242 371.658

Natural sciences 98.342 96,186 90.254 75.670 68.929 63.073 62.865 65.401
Math and computer sciences 20,729 20,670 26.406 54.388 56.442 46.277 42.369 40.194
Social & behavioral sciences2 205.831 193.775 182,638 147.624 156.079 174,853 190.305 203.877
Engineering 49.677 62.800 75,395 77.571 74.423 66.947 64.703 62.186

Engineering technology NA NA NA 20.533 20.577 20,098 19.150 18.294

U.S. citizens and permanent residents

White, all degrees 807,857 802.665 807.509 826.356 819,477 840,326 856.686 892.363
Science and engineering 323.845 318,819 313.486 290.388 281.588 277.106 280.889 289,253

Natural sciences' 88.308 85.403 78.778 63.592 55.898 50.580 49.527 51.113
Math and computer sciences 18.110 17,633 22,013 43,484 42.446 33.998 30.683 28.998
Social & behavioral sciences2 175.355 163.132 151,839 122.320 126,753 142,447 153.185 163.980
Engineering 42,072 52.651 60.856 60.992 56,491 50,081 47.494 45.162

Engineering technology NA NA NA 16.673 16.541 16.156 15.251 14.279

Asian, all degrees 13.907 15.542 18,908 25.562 31.921 37,573 38,027 41.725
Science and engineering 6,558 7,591 9.572 13,454 17.114 19,383 19.698 20.860

Natural sciences' 1.935 2,227 2,406 2.880 3.641 3.973 4.308 4.670
Math and computer sciences 479 587 1,061 2,929 3.489 3.287 3.018 2.925
Social & behavioral sciences2 2.933 2.919 3.039 3.163 4.394 6.048 6.360 7.045
Engineering 1.211 1,858 3.066 4.482 5,590 6.075 6.012 6.220

Engineering technology NA NA NA 542 807 839 755 768

Black, all degrees 58.700 60.301 60.729 57.563 55.103 56.837 59.301 65.009
Science and engineering 23.134 23.324 23.767 18.946 18.955 19.273 20.074 21.943

Natural sciences' 3,416 3.541 3.561 3.096 2,870 2.756 2.815 3.026
Math and computer sciences 1,073 1.159 1,371 2.913 3.654 3.249 2,967 2.808
Social & behavioral sciences2 17.260 16.849 16.386 10.898 10.116 11,201 12,220 13.880
Engineering 1.385 1.775 2.449 2.039 2.315 2.067 2,072 2.229

Engineering technology NA NA NA 1.277 1,269 1.208 1.200 1.227

Hispanic, all degrees 27.043 29.719 33,167 36.391 38.196 41.361 43.864 49.027
Science and engineering 11.002 12.163 13.107 12.848 13.182 14,177 14,896 16.290

Natural sciences' 2.271 2.634 2.958 2.979 2.964 2.849 2.859 3.010
Math and computer sciences 435 495 688 1.380 1.696 1.568 1.498 1.695
Social & behavioral sciences2 7.006 7.479 7.641 6.302 5.968 7.199 8.023 9.019
Engineering 1.290 1.555 1.820 2.187 2.554 2.561 2.511 2.566

Engineering technology NA NA NA 525 664 634 784 731

Native American, all degrers . 3.328 3.410 3.593 4.246 3.866 3.967 4.212 4.486
Science and engineering 1.368 1.411 1.430 1.500 1.409 1.361 1,416 1.519

Natural sciences' 338 296 298 313 259 265 262 298
Math and computer sciences 41 52 39 198 164 143 129 123

Social & behavioral sciences.- 854 899 898 780 776 776 879 940
Engineering 135 164 195 209 210 177 146 158

Engineering technology NA NA NA 103 78 105 69 75

(continued)
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Appendix table 2-20.
Earned bachelors degrees, by race/ethnicity/citizenship and field: 1977-91
(page 2 of 2)

Race/ethnicity and field 1977 1979 1981 1985 1987 1989 1990 1991

Foreign citizens

All degrees 15,744 17,853 22,631 29,258 28,592 26,457 26,553 29,657

Science and er.gineering 8,486 10,039 13,282 14,249 13,838 12,479 12,489 12,879

Natural sciencPs' 2,042 2061, 2,251 2,132 1,786 1,744 1,736 1,941

Math and computer sciences 583 741 1,233 2,879 3,233 2,678 2,590 2,615

Social & behavioral sciences2 2,287 2,473 2,835 3,048 2,930 2,985 3,246 3,741

Engineering 3,574 4,764 6,963 6,190 5,889 5,072 4,917 4,582

Engineering technology NA NA NA 1,277 986 659 727 712

NA = not available

NOTES: Data by racial/ethnic group were collected on a biennial schedule until 1990. Data are not available by racial/ethnic group for foreign citizens on temporary

visas. Data by racial/ethnic group are collected by broad fields of study only: therefore, these data cannot be adjusted to the exact field taxonomies used by the

National Science Foundation.

'The natural sciences include all physical, environmental, biological, and agricultural sciences.

2The social and behavioral sciences include psychology, sociology, and other social sciences.

SOURCE: Science Resources Studies Division, National Science Foundation, Science and Engineering Degrees, by Race/Ethnicity of Recipients: 1977-91, Detailed

Statistical Tables (Washington, DC: NSF, forthcoming).
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276 Appendix A. Appendix Tables

Appendix table 2-21.
Proportion of total bachelors degrees obtained in science and engineering, by race/ethnicity/citizenship: 1977-91

1977 1979 1981 1985 1987 1989 1990 1991

Percent

Whites

Total science and engineering 40.1 39.7 38.8 35.1 34.4 33.0 32.8 32.4
Natural sciences 10.9 10.6 9.8 7.7 6.8 6.0 5.8 5.7
Math and computer sciences 2.2 2.2 2.7 5.3 5.2 4.0 3.6 3.2
Social and behavioral sciences 21.7 20.3 18.8 14.8 15.5 17.0 17.9 18.4
Engineering 5.2 6.6 7.5 7.4 6.9 6.0 5.5 5.1

Engineering technology 0.0 0.0 0.0 2.0 2.0 1.9 1.8 1.6

Asians

Total science and engineering 47.2 48.8 50.6 52.6 53.6 51.6 51.8 50.0
Natural sciences 13.9 14.3 12.7 11.3 11.4 10.6 11.3 11.2
Math and computer sciences 3.4 3.8 5.6 11.5 10.9 8.7 7.9 7.0
Social and behavioral sciences 21.1 18.8 16.1 12.4 13.8 16.1 16.7 16.9
Engineering 8.7 12.0 16.2 17.5 17.5 16.2 15.8 14.9

Engineering technology 0.0 0.0 0.0 2.1 2.5 2.2 2.0 1.8

Blacks

Total science and engineering 39.4 38.7 39.1 32.9 34.4 33.9 33.9 33.8
Natural sciences 5.8 5.9 5.9 5.4 5.2 4.8 4.7 4.7
Math and computer sciences 1.8 1.9 2.3 5.1 6.6 5.7 5.0 4.3
Social and behavioral sciences 29.4 27.9 27.0 18.9 18.4 19.7 20.6 21.4
Engineering 2.4 2.9 4.0 3.5 4.2 3.6 3.5 3.4

Engineering technology 0.0 0.0 0.0 2.2 2.3 2.1 2.0 1.9

Hispanics

Total science and engineering 40.7 40.9 39.5 35.3 34.5 34.3 34.0 33.2
Natural sciences 8.4 8.9 8.9 8.2 7.8 6.9 6.5 6.1
Math and computer sciences 1.6 1.7 2.1 3.8 4.4 3.8 3.4 3.5
Social and behavioral sciences 25.9 25.2 23.0 17.3 15.6 17.4 18.3 18.4
Engineering 4.8 5.2 5.5 6.0 6.7 6.2 5.7 5.2

Engineering technology 0.0 0.0 0.0 1.4 1.7 1.5 1.8 1.5

Native Americans

Total science and engineering 41.1 41.4 39.8 35.3 36.4 34.3 33.6 33.9
Natural sciences 10.2 8.7 8.3 7.4 6.7 6.7 6.2 6.6
Math and computer sciences 1.2 1.5 1.1 4.7 4.2 3.6 3.1 2.7
Social and behavioral sciences 25.7 26.4 25.0 18.4 20.1 19.6 20.9 21.0
Engineering 4.1 4.8 5.4 4.9 5.4 4.5 3.5 3.5

Engineering technolcgy 0.0 0.0 0.0 2.4 2.0 2.6 1.6 1.7

Foreign citizens

Total science and engineering 53.9 56.2 58.7 48.7 48.4 47.2 47.0 43.4
Natural sciences 13.0 11.5 9.9 7.3 6.2 6.6 6.5 6.5
Math and computer sciences 3.7 4.2 5.4 9.8 11.3 10.1 9.8 8.8
Social and behavioral sciences 14.5 13.9 12.5 10.4 10.2 11.3 12 2 12.6
Engineering 22.7 26.7 30.8 21.2 20.6 19.2 18.5 15.4

Engineering technology 0.0 0.0 C.0 4.4 3.4 2.5 2.7 2.4

SOURCE Computed from appendix table 2-20
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Appendix table 2-22.
Participation rates in science and engineering bachelors degrees, by race/ethnicity/citizenship: 1977-91

277

1977 1979 1981 1985 1987 1989 1990 1991

Percent

Whites

Total, all fields 87.0 86.2 85.3 83.4 81.7 81.6 80.7 80.5

Science and engineering 86.5 85.4 83.7 81.7 79.1 78.9 78.0 77.8

Natural sciences 89.8 88.8 87.3 84.0 81.1 80.2 78.8 78.2

Math and computer sciences 87.4 85.3 83.4 80.0 75.2 73.5 72.4 72.1

Social & behavioral sciences 85.2 84.2 83.1 82.9 81.2 81.5 80.5 80.4

Engineering 84.7 83.8 80.7 78.6 75.9 74.8 73.4 72.6

Engineering technology 0.0 0.0 0.0 81.2 80.4 80.4 79.6 78.1

Asians

Total, all fields 1.5 1.7 2.0 2.6 3.2 3.6 3.6 3.8

Science and engineering 1.8 2.0 2.6 3.8 4.8 5.5 5.5 5.6

Natural sciences 9.0 2.3 2.7 3.8 5.3 6.3 6.9 7.1

Math and computer sciences 2.3 2.8 4.0 5.4 6.2 7.1 7.1 7.3

Social & behavioral sciences 1.4 1.5 1.7 2.1 2.8 3 5 3.3 3.5

Engineering 2.4 3.0 4.1 5.8 7.5 9.1 9.3 10.0

Engineering technology 0.0 0.0 0.0 2.6 3.9 4.2 3.9 4.2

Blacks

Total, all fields 6.3 6.5 6.4 5.8 5.5 5.5 5.6 5.9

Science and engineering 6.2 6.2 6.3 5.3 5.3 5.5 5.6 5.9

Natural sciences 3.5 3.7 3.9 4.1 4.2 4.4 4.5 4.6

Math and computer sciences .. 5.2 5.6 5.2 5.4 6.5 7.0 7.0 7.0

Social & behavioral sciences 8.4 8.7 9.0 7.4 6.5 6.4 6.4 6.8

Engineering 2.8 2.8 3.2 2.6 3.1 3.1 3.2 3.6

Engineering technology 0.0 0.0 0.0 6.2 6.2 6.0 6.3 6.7

Hispanics

Total, all fields 2.9 3.2 3.5 3.7 3.8 4.0 4.1 4.4

Science and engineering 2.9 3.3 3.5 3.6 3.7 4.0 4.1 4.4

Natural sciences 2.3 2.7, 3.3 3.9 4.3 4 5 4.5 4.6

Math and computer sciences 2.1 2.4 2.6 2.5 3.0 3.4 3.5 4.2

Social & behavioral sciences 3.4 3.9 4.2 4.3 3.8 4.1 4.2 4.4

Engineering 2.6 2.5 2.4 2.8 3.4 3.8 3.9 4.1

Engineering technology 0.0 0.0 0.0 2.6 3.2 3.2 4.1 4.0

Native Americans

Total, all fields 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4

Science and engineering 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4

Natural sciences 0.3 0.3 0.3 0.4 0.4 0.4 0.4 0.5

Math and computer sciences 0.2 0.3 0.1 0.4 0.3 0.3 0.3 0.3

Social & behavioral sciences 0.4 0.5 0.5 0.5 0.5 0.4 0.5 0.5

Engineering 0.3 0.3 0.3 0.3 0.3 0.3 0.2 0.3

Engineering technology 0.0 0.0 0.0 0.5 0.4 0.5 0.4 0.4

Foreign citizens

Total, all fields 1.7 1.9 2.4 3.0 2.8 2.6 2.5 2.7

Science and engineering 2.3 2.7 3.5 4.0 3.9 3.6 3.5 3.5

Natural sciences 2.1 2.1 2.5 2.8 2.6 2.8 2.8 3.0

Math and computer sciences 2.8 3.6 4.7 5.3 5.7 5.8 6.1 6.5

Social & behavioral sciences 1.1 1.3 1.6 2.1 1.9 1.7 1.7 1.8

Engineering 7.2 7.6 9.2 8.0 7.9 7.6 7.6 7.4

Engineering technology 0.0 0.0 0.0 6.2 4.8 3.3 3.8 3.9

SOURCE Computed from appendix table 2-20

See figure 2-13 Science & Engineering Indicators -1993
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Appendix table 2-24.
Graduate enrollment in science and engineering, by race/ethnicity/cltizenshlp and field: 1983-91

Field 1983 1984 1985 1986 1987 1988 1989 1990 1991

Total enrollment

Total science a,id engineering .. 348.315 350,755 359,554 369,047 373,762 376,821 384,691 395,298 415,240

Natural sciences 103.213 1^3,784 104,347 105,803 105,485 106,085 107,851 108,486 113,242

Math and computer sciences . . 40,996 43,269 47,424 49,364 50,661 51,657 51,936 54.155 54,720

Social and behavioral sciences . 112,995 110,922 111,623 111,740 113,727 115,920 120,585 125,328 132,871

Engineering 91,111 92,780 96,160 102,140 103,889 103,159 104,319 107,329 114,407

White enrollment

Total science and engineering . . . . 225,313 223,420 224,177 227.998 229,011 229,950 231,001 237,686 245,172

Natural sciences 74,538 74,244 72,170 71,885 69,496 69,169 68,545 68,341 69,989

Math and computer sciences . . . . 23,762 23,942 25,367 26,015 26,799 27,653 26,634 27,864 27,119

Social and behavioral sciences . . . 78,318 75,809 76.249 77,017 79,000 80,621 84,244 88,357 93,044

Engineering 48,695 49,425 50,391 53,081 53.716 52,507 51,578 53,124 55,020

Asian enrollment

Total science and engineering . . . 9,368 10,185 12,024 12,788 14,590 15,182 15,682 17,039 18,217

Natural sciences 2,389 2,535 2,727 2,771 3,061 3,450 3,581 3,874 4,305

Math and computer sciences . . 1,663 1,816 2,475 2,767 3,232 3,446 3,449 3,679 3,704

Social and behavioral sciences . 1,911 2.01q 2,010 2,127 2.441 2,370 2,659 2,789 3,005

Eng Rering 3.405 3,815 4,812 5,123 5,856 5,916 5,993 6,697 7,203

Black enrollment

Total science and engineering . . . . 10,980 10, t 24 10,534 10,471 10,443 11,216 11,800 12,635 13,696

Natural sciences 1,983 2,004 1,993 1,839 1,821 1,980 2,097 2,137 2,311

Math and computer sciences . . 967 954 1,017 1,135 1,191 1,247 1,299 1,472 1,605

Social and behavioral sciences . . . 6.637 6,306 6,115 6,024 6,009 6.469 6,765 7,228 7,746

Engineerirg 1,393 1,460 1,409 1,473 1,422 1,520 1,639 1,798 2,034

Hispanic enrollment

Total science and engineering . . 8.901 8,692 8,623 8,659 8,812 9,093 9,464 10,132 11,168

Natural sciences 1,922 1,895 2,097 2,123 2,075 2,230 2,394 2,360 2,576

Math and computer sciences . . 612 584 743 715 810 845 851 920 978

Social and behavioral sciences . . . 4,926 4,713 4,303 4,218 4,199 4,301 4,508 4,960 5,435

Engineering 1,441 1,500 1,480 1,603 1,728 1,717 1.711 1,892 2,179

Native American enrollment

Total science and engineerin . . . . 915 831 740 746 786 926 864 1,048 1,201

Natural sciences 224 207 169 198 183 220 180 251 329

Math and computer sciences . . . . 53 70 78 51 75 72 75 63 62

Social and behavioral sciences . . . 457 362 371 366 404 490 485 583 621

Engineering 181 192 122 131 124 144 124 151 189

Foreign citizen enrollment

Total science and engineering . 70,381 72.297 76,853 84,035 88,806 93,849 98,272 101,835 108,408

Natural sciences 18.286 18,853 20,360 22,729 24,487 26,220 28,166 29.478 31,342

Math and computer sciences . . . 10,502 11,552 12,803 13,816 14,857 15,422 16.337 17.356 18.021

Social and behaviora I sciences . . . 14,105 14,006 14.836 15.479 16.082 16.878 16,959 17.034 17,726

Engineering 27,488 27,886 28.854 32,011 33,380 35,329 36,810 37,967 41.319

NOTE: The natural sciences include all physical. environmental, biological, and agricultural sciences. The social and behavioral sciences include psychology.
sociology, and other social sciences.

SOURCE: Science Resources Studies Division. Nation.ii S :fence Foundation. Academic Science and Engineering. Graduate Enrollment and Support. Fall 1991.
Detailed Statistical Tables. NSF 93-309 (Washington. D \ISF. 19931.

See figures 2-15 and 2-16. Science & Engineering Indicators -1993
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Appendix table 2-26.
Earne:4 masters degrees, by race/ethnicity/citizenship and field: 1977-91

(page 1 of 2)

Appendix A. Appendix Tables

Race(ethnicity and field 1977 1979 1981 1985 1987 1989 1990 1991

Total, all degrees 318,241 302.075 296,798 287,213 290,532 311.050 324,947 338.498

Science arid engineering 83,475 79,785 79,869 80,630 83,515 87.783 89.826 91,126

Natural sciences'
16,234 16,350 15,332 14,045 13.461 13,260 12,966 12,713

Math and computer sciences
6,496 6,101 6,787 9,989 11.808 12,829 13.327 12,956

Social & behavioral sciences.'
44,494 41.824 41.034 35,661 36,189 37,959 39.548 41.450

Engineering
16,251 15,510 16,716 20,935 22,057 23,735 23.985 24.0n 7

Engineering technology
NA NA NA 816 883 1,135 1.194 1,183

U.S. citizens and permanent residents

White, all degrees . 266.109 249,401 241,255 223,649 216.807 230.322 236.874 247.524

Science and engineering 66.661 62,158 60,407 56,101 55,790 56.864 57.606 58 435

Natural sciences'.
13,405 13,282 12.411 10.559 9,623 9,262 8.722 8.300

Math and computer sciences 5.256 4.625 4,708 6,176 6,729 6.818 7.020 6.705

Social & behavioral sciences.' 36.556 34,169 33.141 27,180 26.601 27,952 29.005 30.795

Engineering
11.444 10,082 10,147 12.186 12,837 12,832 12.859 12.635

Engineering technology
NA NA NA 526 581 802 823 830

Asian, all degrees 5.145 5,519 6.304 7.805 8.129 10.174 9.994 11 070

Science and engineering
2.021 2.232 2.481 3.543 3.745 4.482 4,393 4.676

Natural sciences'
388 469 365 450 464 545 504 532

Math and computer sciences
198 253 376 779 962 1.072 1.125 1.203

Social & behavioral sciences.' . .
698 660 661 763 669 873 901 933

Engineering
737 850 1,079 1,551 1.650 1.992 1,863 2.008

Engineering technology
NA NA NA 25 46 40 79 60

Black, all degrees 21.041 19.422 17,152 13.960 13.173 13.455 14.473 15 857

Science and engineering
4,197 4.042 3.695 3.152 3.223 3.151 3 559 3.825

Natural sciences'
351 382 351 290 301 238 225 261

Math and computer sciences
200 136 137 233 280 257 302 383

Social & behavioral sciences"
3,406 3.278 2.947 2,299 2.239 2.301 2.645 2,783

Engineering
240 246 260 330 403 355 387 398

Engineering technology
NA NA NA 37 42 55 44 47

Hispanic, all degrees 7,071 6.470 7,439 7,730 '7,781 8.133 8.495 9 684

Science and engineering
2,078 1,702 2.052 2.231 2,291 2.339 2.321 2.575

Natural sciences'
245 227 251 332 310 266 262 281

Math and computer sciences . . 91 61 102 149 183 178 169 213

Social & behavioral sciences-
1,491 1,199 1,414 1,404 1.286 1.427 1,444 1.613

Engineering
251 215 285 346 512 468 446 468

Engineering technology
NA NA NA 6 17 10 9 19

Native American, all degrees 968 999 ,1.034 1,257 1.049 1.082 1.050 1 125

Science and engineering
225 246 257 313 270 302 258 294

Natural sciences'
48 50 33 45 23 41 31 34

Math and computer sciences
15 24 19 48 25 45 13 23

Social & behavioral sciences'
139 148 174 173 184 183 179 197

Engineering
23 24 31 47 38 33 35 40

Engineering technology
NA NA NA 2 26 2 5 3

Icontinuedi
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Appendix table 2-26.
Earned masters degrees, by race/ethnicity/citizenship and field: 1977-91
(page 2 of 2)

1977 1979 1981 1985 1987 1989 1990 1991

Foreign citizens

All degrees 17,345 19,427 22.058 26.952 28,264 32,123 34.602 37.611
Science and engineering 8,282 9,111 10.468 13,132 13,764 15,949 17,077 17,841

Natural sciences' 1,797 1,895 1,864 2,178 2,132 2.504 2,732 2.856
WV, arid computer sciences 736 937 1,368 2,394 2,903 3.418 3.598 3,878
Social & behavioral sciences2 2.204 2,319 2,673 2,866 2.948 3,280 3.508 3.587
Engineering 3,545 3,960 4,563 5,694 5.781 6,747 7,239 7,520

Engineering technology NA NA NA 124 127 131 162 172

NA = not available

NOTES. Data by racial ethnic group were collected on a biennial schedule until 1990. Data are not available by racial ethnic group for foreign citizens on temporary
visas. Data by racial-ethnic group are collected by broad fields of study only: therefore, these data cannot be adjusted to the exact field taxonomies used by the
National Science Foundation.

'The natural sciences include all physical, environmental, biological, and agricultural sciences.

'The social and behavioral sciences include psychology, sociology, and other social sciences.

SOURCE: Science Resources Studies Division, National Science Foundation. Science and Engineering Degrees. by Race, Ethnicity of Recipients. 1977-91 Detailed
Statistical Tables (Washington.DC. NSF. forthcoming).

See text table 2-7. Science & Engineering Indicators -1993
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286 Appendix A. Appendix Tables

Appendix table 2-28.
Earned doctoral degrees by race/ethnicity, field, and citizenship: 1977-91
(page 1 of 2)

Race/ethnicity and field 1977 1979 1981 1985 1987 1989 1990 1991

Total'

Total, all degrees 31,716 31,239 31,357 31,297 32,363 34,318 36,057 37,451

Science and engineering 8,016 17,872 18,258 18,935 19,890 21,727 22,857 23,979

Natural sciences2 6,622 7,817 7,996 8,437 8.655 9,185 9,766 10,152

Math and computer sciences 1,618 979 960 998 1,190 1,471 1,597 1,837

Social and behavioral sciences3 7.135 6,463 6,659 6,223 6,227 6,425 6,507 6,653

Engineering 2,633 2,494 2,528 3,166 3,712 4,544 4,893 5,212

Total U.S. citizens and permanent residents

Total, all degrees 27,487 26,784 26,342 24,694 24,561 25,026 26,581 26,535

Science and engineering 14,889 14,711 14,655 14,065 14,055 14,592 15,346 15,360

Natural sciences2 6,427 6,604 6,641 6,634 6,450 6,628 6,942 6,898

Math and computer sciences 769 778 713 631 671 824 825 935

Social and behavioral sciences3 5886 5712 5830 5206 5021 4911 5239 5169

Engineering 1,799 1.617 1,471 1,594 1,913 2,229 2.340 2,358

White, all degrees 23,654 22.396 22.470 21,297 21,116 21,569 22,862 22,604

Science and engineering 12,875 12,314 12,573 12.166 12,051 12,501 13,156 12,983

Natural sciences2 5,598 5.620 5,771 5.902 5,662 5,800 6,078 5,993

Math and computer sciences 671 658 610 527 548 688 711 758

Social and behavioral sciences3 5,177 4,879 5.099 4,549 4,383 4,287 4,531 4,444

Engineering 1,429 1,157 1,093 1,188 1,458 1,726 1,836 1,788

Asian, all degrees 910 1,102 1,073 1.069 1.167 1,261 1,302 1,491

Science and engineering 745 884 827 809 924 981 1,006 1,157

Natural sciences2 342 377 344 346 369 400 411 462

Math and computer scienceF 42 55 56 50 67 76 75 122

Social and behavioral sciences3 112 146 142 132 161 145 163 172

Engineering 249 306 285 281 327 360 357 401

Black, all degrees 1,194 1,114 1,110 1,043 907 962 1,046 1,082

Science and engineering 344 347 346 374 319 366 371 431

Natural sciences2 85 84 89 100 95 105 98 108

Math and computer sciences 10 12 11 10 13 9 5 19

Social and behavioral sciences3 234 231 227 230 186 219 228 249

E ,,:neering 15 20 19 34 25 33 40 55

Hispanic, all degrees 474 539 526 634 709 694 835 243

Science and engineering 194 231 239 296 357 384 465 478

Natural sciences2 74 83 92 107 138 158 196 187

Math and computer sciences 10 12 5 18 15 15 15 20

Social and behavioral sciences3 88 112 126 149 170 163 200 212

Engineering 22 24 16 22 34 48 54 59

Native American, all degrees 66 81 85 96 115 94 96 130

Science and engineering 31 29 28 41 53 53 42 56

Natural sciences2 14 6 8 21 20 25 12 27

Math and computer sciences 1 1 i 0 3 2 1 1

Social and behavioral sciences3 15 19 15 19 23 19 25 22

Engineering 1 3 4 1 7 7 4 6

(continued)
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Appendix table 2-28.
Earned doctoral degrees by race/ethnicity, field, and citizenship: 1977-91
(page 2 of 2)

Race/ethnicity and held 1977 1979 1981 1985 1987 1989 1990 1991

Foreign citizen

Total, all degrees 3,448 3,587 3,940 5.228 5,610 6,647 8.074 8,852
Science and engineering 2,675 2,689 2,983 4,048 4,468 5,392 6,555 7,281

Na;ural sciences= 1,079 1,046 1,140 1,518 1,704 1,975 2,531 2,843
Math and computer sciences 170 181 226 327 445 524 695 818
Social and behavioral sciences3 651 645 675 784 787 952 1,056 1,147
Engineering 775 817 942 1,419 1,532 1,941 2,273 2,473

Unknown citizenship

Total, all degrees 781 868 1,075 1.375 2,192 2,645 1,402 2,064
Science and engineering 452 472 620 822 1,367 1,743 956 1,338
Natural sciences= 170 167 215 285 501 582 293 411

Math and computer sciences 25 20 21 40 74 123 77 84

Social and behavioral sciences- 183 225 269 344 525 664 306 462
Engineering 74 60 115 153 267 374 280 381

NOTES Data by raciaLethnic group were collected on a biennial schedule until 1990. Data are not available by racial/ethnic group for foreign citizens on temporary
visas. Data by raciakethnic group are collected by broad fields of study only; therefore, these data cannot be adjusted to the exact field taxonomies used by the
National Science Foundation.

'Includes all doctorates awarded to U.S citizens and permanent residents, temporary residents, and persons whose citizenship is unknown.

The natural sciences include all physical. environmental, biological, and agricultural sciences.

'The social and behavioral sciences include psychology. sociology, and other social sciences.

SOURCE' Science Resources Studies Division. National Science Foundation. Science and Engineenng Doctorates: 1960-91. Detailed Statistical Tables. NSF 93-301
(Washington. DC: NSF. 19931

See figure 2-16. Science & Engineering Indicators -1993
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Appendix table 2-30.
Postdoctoral appointments in science and engineering awarded to non-U.S. citizens, by field: 1981 and 1991

Field

1981
Appointments to non-U.S. citizens

1991
Appointments to non-U.S. citizens

Total Number Percent Total Number Percent

Total, all fields 18,411 6.506 35.3 30,432 14,678 48.2

Science and engineering . . . . 14,013 5,409 38.6 22,397 11,307 50.5

Natural sciences 11,917 4,453 37.4 19,153 9,492 49.6

Math and computer sciences 205 105 51.2 324 18:, 57.1

Social sciences 913 175 19.2 967 286 29.6

Engineering 978 676 69.1 1,953 1,344 68.8

Health 4,398 1,097 24.9 8,035 3,371 42.0

SOURCE. Science Resources Studies Division, National Science Foundation, Foreign Participation in U.S. Academic Science and Engineering: 1991. NSF 93-302
(Washington, DC. NSF, 19931

Science & Engineering Indicators 1993
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Appendix table 3-1.
Total and scientist/engineer employment, by industry: 1980, 1983, 1986, 1989, and 1992
(page 1 of 6)

Industry 1980

Total industry

All occupations 66,210

All scientists and engineers 1,366

Engineers 992

Aeronautical/astronautical 27

Chemical 45

Civil 79

Electrical/electronic. 273

Industrial 133

Mechanical 198

Other' 237

Scientists 374

Life 19

Mathematical 45

Physical 108

Social 26

Computer specialists 175

Technicians 1,163

Number of jobs

1983 1986 1989 1992

Thousands

Manufacturing

Ail occupations 20,285

All scientists and engineers 747

Engineers 605

Aeronautical/astronautical . 23

Metalluroical, ceramic. materials 9

Chemical 33

Civil 7

Electrical/electronic 159

Industrial 123

Safety 3

Mechanical 126

Marine 0

Sales 0

Other' 122

Scientists 142

Life / 16

Biological 8

Other life scientists 9

Mathematical 13

Physical 60

Physicists and astronomers 2

Chemists 56

Other physical scientists 2

Social 1

Computer specialists 52

Technicians 531

Civil engineering 1

Electricarelectronics engineering . 131

Industrial engineering 17

Mechanical engineering 32

Drafters 1' 9

Other engineering technicians 80

Biological. agricultural, and food 11

Chemical 0

Petroleum 0

Other life science technicians 59

Computer programmers . 81

-3

65,457 73,044 79,111 77.622

1,476 1.642 1,885 1,972
1,050 1,144 1,290 1,305

33 58 65 52

47 42 42 43

104 94 90 94

319 378 459 470

103 119 119 109

198 196 206 208

247 257 308 329
425 497 595 667

26 30 46 59

59 67 66 71

110 113 122 138

29 24 31 43

201 264 330 355
1,308 1,426 1.506 1,474

18,432 18,947 19,391 18,040

814 926 1,001 973

670 752 804 767

29 52 49 36

13 14 14 11

36 34 31 34

9 8 6 7

206 234 256 246

89 104 104 91

8 6 7 7

134 135 142 138

1 1 1 0

26 39 38 35

120 126 156 162

144 174 197 206

15 18 23 29

8 9 11 17

7 9 12 9

12 14 12 9

57 57 59 61

1 1 1 1

42 45 48 45

15 11 11 10

1 0 0 0

59 85 103 106

542 579 586 525

2 2 3 2

126 154 150 127

21 23 23 23

36 42 40 38
119 110 109 101

69 72 77 75

8 10 10 12

64 65 66 63

1 1 1 1

14 15 16 12

81 87 92 71

60 (continued)
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Appendix table 3-1.
Total and scientist/engineer employment, by industry: 1980, 1983, 1986, 1989, and 1992
(page 2 of 6)

Industry

Number of jobs

1980 1983 1986 1989 1992

Thousands
Chemical & allied products, all occupation 1,107 1,043 1,021 1,074 1,083

All scientists and engineers 93 96 96 116 122
Engineers 41 45 43 47 50
Metallurgical, ceramic, materials 0 0 1 1 0
Chemical 19 18 18 18 19
Civil 1 2 1 2 1

Electrical/electronic 3 4 3 6 6
Industrial 4 3 3 4 4
Safety. . 2 2 2 2 2

Mechanical 9 8 7 8 8
Sales 0 4 2 3 2

Other' 4 5 5 5 8
Scientists 52 51 53 69 72

Life 10 11 13 18 24
Mathematical 3 2 1 1 1

Physical 33 32 33 37 36
Computer specialists 6 6 7 14 12

Technicians 52 61 62 66 68

Petroleum refining, all occupations 198 196 169 156 159

All scientists and engineers 12 16 14 13 14

Engineers 9 11 10 9 11

Petroleum 0 0 0 1 1

Chemical 4 5 4 3 4
Civil 0 1 0 1 1

Electrical/electronic 0 1 1 1 1

Industrial 0 1 1 1 0
Safety 0 0 0 0 1

Mechanical 2 2 2 1 2

Other 2 1 1 2 2

Scientists 3 5 5 4 4

Physical 2 3 3 3 3

Computer specialists 1 2 1 2 1

Technicians 5 10 10 8 8

Machinery, all occupations 2,517 2,053 2,074 2,125 1,922

All scientists and engineers 139 147 161 183 163
Engineers 125 130 140 164 148

Metallurgical, ceramic, materials 1 1 2 2 1

Chemical 1 1 1 1 1

Civil 1 1 1 1 1

Electrical/electronic 34 43 50 64 66
Industrial 32 21 17 14 13

Mechanical 37 38 33 40 37
Sales 0 8 15 13 14

Other' 18 17 21 29 15

Scientists 14 17 21 20 16

Mathematical 2 3 2 2 1

Physical 1 2 1 0 0

Computer specialists 11 12 19 18 14

Technici,ms 129 111 116 118 97

f ;
..; 3G1

(continued)
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Appendix table 3-1
Total and scientist/engineer employment, by industry: 1980, 1983, 1986, 1989, and 1992
(page 3 of 6)

Industry 1980 1983

Number of jobs

1986 1989 1992

Thousands

Electrical equipment, all occupations . . 1.771 1,704 1.790 1,744 1.526

All scientists and engineers 170 188 239 161 150

Engineers 153 173 215 148 137

Metallurgical. ceramic. materials 1 2 2 2 1

Chemical 2 3 3 2 2

Civil 0 1 2 2 0

ElectricaLelectronic 83 106 120 80 75

Industrial 28 19 28 15 15

Safety 0 1 1 1 1

Mechanical 19 19 23 18 16

Sales 0 6 9 8 8

Other' 21 17 26 19 18

Scientists 17 15 24 13 14

Mathematical 2 1 2 1 1

Physical 3 3 3 2 2

Computer specialists 10 10 19 10 11

Technicians 123 127 148 108 96

Transportation equipment, all occupations 1.881 1.730 2.003 2.052 1.822

All scientists and engineers 146 176 223 238 229

Engineers 132 159 196 209 202

Aeronautical astronautical 23 29 52 49 36

Metallurgical, ceramic. materials 1 3 3 3 2

Chemical 1 1 2 1 1

Civil 1 3 2 2 2

Electricalielectronic 14 21 29 29 23

Industrial 22 19 27 33 24

Safety 0 2 2 2 2

Mecnanical 20 24 29 26 28

Marine 0 1 1 1 0

Sales 0 2 2 2 2

Other' 50 54 48 59 80

Scientists 14 17 28 29 27

Mathematical 5 5 8 7 5

Physical 3 2 3 0 0

Social . 1 1 0 0 0

Computer specialists 6 10 16 21 22

Technicians 62 75 87 85 72

Scientific instruments, all occupations. 1.022 990 1.018 1.026 925

All scientists and engineers 46 57 60 137 131

Engineers . ..... 40 50 52 118 116

Chemical 1 1 1 2 2

Electrical'electronic 19 25 25 67 65

Industrial . . 6 5 6 14 13

Mechanical 6 7 9 15 16

Sales 0 3 3 4 3

Other' 9 8 7 17 16

Scientists. . . 6 7 8 19 15

Mathematical . . 0 0 1 1 1

Life . 1 1 1 2 0

Physical 2 3 2 3 5

Computer specialists. 3 3 5 14 10

Technicians ..... 42 46 47 75 70

(continued)
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Appendix table 3-1.
Total and scientist/engineer employment, by industry: 1980, 1983, 1986, 1989, 1992
(page 4 of 6)

Appendix A. Appendix Tables

Industry 1980 1983

Number of Jobs

1986 1989 1992

Thousands

Nonmanufacturing2

All occupations 45.925 47,025 54,097 59,720 59.582

All scientists and engineers 621 709 775 942 1.051
Engineers 387 428 452 545 591

Aeronautical astronautical 4 4 6 16 16
Chemical 12 11 8 11 9
Civil 73 95 86 84 87
Electrical electronic. 113 113 144 203 224
Industrial 10 14 15 15 18
Mechanical 72 64 61 64 70
Other 102 127 131 152 167

Scientists 234 281 324 397 460
Life 8 11 12 23 29
Mathematical 33 47 53 54 63
Physical. . . 44 53 56 63 77
Social 25 28 24 31 43
Computer specialists 124 142 179 227 249

Technicians 632 766 847 920 950

Mining, all occupations 1,027 952 777 693 631

All scientists and engineers 55 65 55 46 42
Engineers 29 35 30 26 24

Metallurgical. ceramic, materials 1 1 0 1 1

Mining, including mine safety 3 3 3 3 3
Petroleum 15 19 16 11 11

Chemical 1 1 1 1 1

Civil 1 2 1 1 1

Electrical.electronic 2 1 1 1 1

Mechanical 1 3 2 2 2
Sales 0 1 2 2 2

Other' 6 4 4 5 3

Scientists 26 31 26 20 18
Physical 21 25 22 16 14

Computer specialists. 4 5 4 4 4
Technicians 26 30 26 25 24

Construction, all occupations 4.346 3.948 4.810 5.171 4.471

All scientists and engineers . 53 48 32 32 31

Engineers . 52 47 31 31 30
Civil 18 19 10 11 11

Electrical electronic 7 6 5 6 6
Industrial 0 1 1 1 1

Safety 1 1 1 1 1

Mechanical 10 7 5 3 4

Sales 0 8 5 4 4
Other' 16 5 4 6 3

Scientists . ......... . . 1 1 1 1 1

Computer specialists S i 1 1 1 1

Technicians 42 34 29 31 29
-

(continued)
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Appendix table 3-1.
Total and scientist/engineer employment, by industry: 1980, 1983, 1986, 1989, 1992
(page 5 of 6)

Industry 1980 1983

Number of jobs

1986 1989 1992

Thousands

Comm/trans/utilities, all occupations 5.146 4.952 5.247 5.626 5.709

All scientists and engineers 95 102 103 111 113

Engineers 82 81 78 80 80

Aeronauticaliastronautical 1 1 1 1 1

Chemical 1 1 1 1 1

Nuclear 1 2 3 3 3

Civil 5 7 8 6 6

Electriceelectronic 43 40 38 39 38

Industrial 4 6 5 4 5

Safety 0 0 1 1 1

Mechanical 7 6 6 5 5

Marine 1 1 1 1 1

Other' 18 18 15 20 19

Scientists 13 21 25 31 33

Life 0 0 1 0 1

Mathemattal 1 4 2 2 3

Physical 0 0 2 3 3

Socia 0 1 2 1 1

Computer specialists 11 16 19 25 25

Technicians 101 121 125 124 124

Trade, all occupations 20.310 20.870 23.641 25.662 25,391

All scientists and engineers 66 66 72 96 106

Engineers 40 36 45 70 75

Chemical 3 0 0 0 0

Electrical/electronic 16 11 16 34 37

Mechanical 18 9 7 7 7

Sales 0 0 15 16 18

Other' 3 15 8 13 13

Scientists 26 30 27 26 31

Life 0 1 1 2 2

Mathematical 0 2 0 0 0

Physical 1 2 2 0 3

Computer specialists 25 26 24 25 27

Technicians 122 145 152 143 136

Financial services, all occupations 5.160 5.468 6.273 6.668 6.671

All scientists and engineers 52 73 (....5 108 123

Engineers 5 8 10 10 16

Safety 0 5 6 5 5

Other' 5 3 3 5 11

Scientists 47 64 85 98 108

Mathematical ............... . 16 23 27 28 28

Social 2 7 6 5 7

Computer specialists. 28 33 52 65 72

Technicians 39 53 63 71 67

Engineering services, all occupations 545 576 681 770 746

All scientists and engineers 125 157 165 194 185

Engineers 115 146 152 173 162

Aeronautical astronautical 1 2 4 7 6

Metallurgical. ceramic, materials 0 1 1 1 1

Petroleum 1 1 1 1 0

Chemical 5 4 4 6 5

Nuclear . .
1 2 3 3 3

Civil. . 46 63 64 62 59

(continued)
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306 Appendix A. Appendix Tables

Appendix table 3-1.
Total and scientIst/engineer employment, by industry: 1980, 1983, 1986, 1989, and 1992
(page 6 of 6)

Industry

Number of jobs

1989 19921980 1983 1986

Thousands
Electrical/electronic 21 25 30 36 34
Industrial 2 3 5 5 5

Safety 1 1 1 3 2

Mechanical 27 27 25 32 30
Marine 1 2 2 2 2
Sales 0 3 2 3 3

Other' 8 13 12 14 13
Scientists 11 11 13 21 22

Life 1 1 1 1 1

Mathematical 1 1 1 2 2

Physical 4 4 7 12 13

Social 2 1 1 1 1

Computer specialists 3 3 3 5 6
Technicians 156 199 220 250 233

Computer services, all occupations 304 416 588 736 831

All scientists and engineers 41 59 91 138 168
Engineers 5 11 29 55 69
Electrical/electronic 4 9 25 47 59
Industrial 0 1 1 1 1

Mechanical 0 0 1 1 2

Saies 0 1 1 4 5
Other' 1 1 2 2 3

Scientists 37 48 62 84 99
Mathematical 4 5 8 7 9
Physical 0 0 0 1 1

Social 0 0 1 2 2

Computer specialists 33 42 53 74 87
Technicians 51 78 106 131 149

NOTES: Details may not sum to totals because of rounaing. Due to revisions in Standard Industrial Classification codes in 1987. employment estimates for 1989 and
1992 may not be strictly comparable with estimates tor earlier years.

'The "other" engineering category includes a number of smaller fields that are combined in the interest of space. None of these fields individually accounts formore
than about 5 percent of the total engineei ing lobs.

'Estimates prior to 1989 exclude noncommercial education and research organizations.

SOURCES: Division of Science Resources Studies. National Science Foundation, and the Bureau of Labor Statistics, unpublished tabulations

See figures 3-1,3-2, and 3-3. Science & Engineering Indicators 1993
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Appendix table 3-3.
Estimated full-time-equivalent scientists and engineers employed in R&D in the United States, by sector: 1969-89

Labor force

P&D scientists & engineers Ratio of R&D scientists
& engineers to labor force3United States Industry All other2

Millions Thousands

1969 83.0 552.7 385.6 167.1 66.6
1970 84.9 543.8 375.6 168.2 64.1

197' 86.4 523.5 358.6 164.9 60.6
1972 88.8 515.0 354.0 161.0 58.0
1973 91.2 514.6 358.9 155.7 56.4
1974 93.7 520.6 361.7 158.9 55.6
1975 95.5 527.4 363.9 163.5 55.3
1976 97.8 535.2 373.6 161.6 54.7
1977 100.7 560.6 393.6 167.0 55.7
1978 103.9 586.6 414.2 172.4 56.5

1979 106.6 614.5 437.3 177.2 57.7
1980 108.5 651.1 469.2 181.9 60.0
1 981 110.3 683.2 498.8 184.4 61.9
1982 111.9 711.8 525.4 186.4 63.6

1983 113.2 751.6 562.5 189.1 66.4
1984 115.2 797.6 603.3 194.3 69.2
1985 117.2 841.6 646.8 194 8 71.8
1986 119.5 882.3 683.4 198.9 73.8
1987 . . 121.6 910.2 702.2 208.0 74.9

1988 123.4 927.3 714.4 212.9 75.2

1 989 125.6 949.3 726.0 223.3 75.6

NOTE: Data are based on surveys of employers and include fuli-time employees plus the full-time equivalent of part-time employei.s. Data exclude scientists and
engineers employed in state and local government agencies.

'industry data include professional R&D personnel employed at industry-administered federally financed R&D centers. Data exclude social scientists.

'Estimates are for the Federal Government (including managers of R&D), univeisities and colleges (including the number of full-time equivalent graduate students
receiving stipends and engaged in R&D). other nonprofit institutions, and federally financed R&D centers administered by universities and other nonprofit Institutions.
Estimates since 1985 exclude military service personnel.

'Number of full-time-equivalent scientists and engineers employer., in R&D activities per 10,000 labor force population.

SOURCES: Science Resources Studies Division, National Science Foundation. National Patterns of R&D Resources: 1992. Final Report. NSF 92-330 (Washington.
DC. NSF: 19921: and Bureau of Labor Statistics. Employment and Earnings.

Science & Engineenng Indicators - 1993
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Appendix table 3-4
Doctoral scientists and engineers primarily employed in R&D, by employment sector and degree field: 1991

Degree field R&D

Industry
. _ .

Basic Applied
research research

Develop-
ment R&D

Academia

Basic Applied
research research

Develop-
ment

Percent

Total science and engineering . 48.4 3.8 27.5 17.1 36.1 23.7 11.9 0.6

Sciences 46.2 4.5 29.3 12.4 36.4 25.4 10.6 0.4

Physical sciences 55.6 4.8 35.7 15.1 43.1 30.0 11.7 1.4

Chemistry 54.9 4.8 37.9 12.2 37.1 27.6 9.0 0.5

Physics/astronomy 57.2 4.8 30.3 22.2 49.1 32.3 14.4 2.4

Mathematical sciences 44.0 2.6 19.7 21.7 26.2 19.5 5.8 0.9

Mathematics 47.9 2.6 19.0 26.3 25.2 19.4 4.8 1.1

Statistics/probability 31.4 2.4 22.1 6.9 32.1 20.2 11.9 *

Computer/information sciences 58.2 7.3 25.0 25.9 45.8 27.0 13.0 0.8

Environmental sciences 36.2 2.3 30.5 3.3 40.3 29.4 10.5 0.5

Earth sciences 34.6 0.8 31.1 2.7 30.2 22.8 6.9 0.5

Oceanography 42.9 8.2 29.8 5.0 71.4 57.7 13.7 .

Atmospheric sciences 43.5 10.4 24.9 8.3 58.0 30.7 26.8 0.6

Life sciences 44.2 5.8 29.0 9.3 52.3 38.5 13.5 0.3

Biological sciences 45.8 7.9 30.4 7.5 55.5 45.9 9.3 0.3

Agricultural sciences 39.3 0.7 22.9 15.7 50.7 15.9 34.5 0.3

Medical sciences 43.3 3.7 30.4 9.1 39.5 24.5 14.6 0.4

Psychology 23.1 0.0 10.6 10.5 24.4 15.3 9.0

Social sciences 21.5 0.8 17.3 3.4 17.8 10.0 7.8

Economics 20.6 1.4 18.2 0.9 23.1 10.9 12.1

Sociology/anthropology 17.8 0.7 15.4 1.7 17.7 11.3 6.4

Other social sciences 24.1 0.5 17.6 6.0 14.5 8.5 6.0

Ennineering 53.7 2.2 23.3 28.1 33.6 10.8 21.4 1.4

Aeronautical/astronautical 65.4 0.4 34.1 30.8 36.7 15.7 19.8 1.2

Chemical 56.5 1.0 29.3 26.1 34.5 16.2 17.6 0,6

Civil 28.9 1.3 13.2 14.4 17.6 2.1 15.5

Electrical/electronic 58.7 1.2 21.9 35.7 33.7 11.2 20.8 1.7

Materials 61.8 4.8 34.4 22.6 34.4 15.8 18.7

Mechanical 53.6 4.3 19.4 29.9 29.6 9.5 17.3 2.8

Nuclear 43.4 1.7 15.4 26.3 60.4 10.5 38.1 11.8

Systems design 44.7 6.3 38.4 49.6 11.5 38.1

Other engineering 47.0 3.5 18.0 25.5 38.5 11.5 26.0 1,0

= no cases reported

SOURCE: Science Resources Studies Division. National Science Foundation. Characteristics of Doctoral Scientists and Engineers: 1991 (Washington. DC NSF.
forthcoming).

See figure 3-6. Science & Engineering Indicators - 1993
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312 Appendix A. Appendix Tables

Appendix table 3-7.
Employed wage and salary workers who usually work full time, by occupation: 1987 and 1992

Dccupation

Employment

1987 1992
Change
1987-92

Thousands Percent

Total, all occupations 80.836 84,143 4 1

Managerial and professional specialty occupations 20,894 23,246 11.3

Executive, administrative, and managerial 10,216 11.287 10.5

Professional specialty occupations 10,678 11.959 12.0

Architects 74 82 10.8

Engineers 1,641 1,594 (2.9)

Aerospace 106 83 (21.7)

Metallurgical and materials 21 21 0.0

Mining 5 4 (20.0)

Petroleum 26 17 (34.6)

Chemical 58 64 10.3

Nuclear 16 6 (62.5)

Civil 200 197 (1.5)

Agricultural 1 2 100.0

Electrical/electronic 513 472 (8.0)

industrial 225 200 (11.1)

Mechanical 250 286 14.4

Marine and naval architects 11 14 27.3

All other engineers 207 228 10.1

Mathematical and computer scientists 628 861 37.1

Natural scientists 357 402 12.6

Physicists and astr,nomers 26 23 (11.5)

Chemists, except biochemists 121 120 (0.8)

Atmospheric and space scientists 12 7 (41.7)

Geologists and geodesists 36 47 30.6

All other physical scientists 13 30 130.8

Agricultural and food scientists 25 26 (20.0)

Biological and life scientists 66 81 22.7

Forestry and conservation scientists 22 22 0.0

Medical scientists 36 53 47.2

Physicians 239 294 23.0

Registered nurses 1,125 1,266 i 2.5

Pharmacists 104 143 37.5

Teachers, college and university 480 495 3.1

Teachers, except college and university 2,894 3,418 18.1

Social scientists and urban planners 217 232 6.9

Economists 92 93 1.1

Psychologists 103 102 (1.0)

Social workers 428 523 22.2

Lawyers 338 381 12.7

Editors and reporters 210 197 (6.2)

SOURCE: Bureau of Labor Statistics. Current Population Survey. unpubhshed tabulations.

See figure 3-8 Science & Engineering Indicators - 1993
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Appendix table 3-8.
Median annual salaries of engineers, by industry: 1987 and 1992

Industry 1987

Salaries

1992
Change
1987-92

Dollars Percent

All industries 47.150 54,900 16.4

All manufacturing industries 46.050 53,850 16.9
Aerospace 44,950 52.650 17.1

Chemicals, drugs, and plastics 51,000 65.400 28.2
Electric machinery/electronics/computers 43,900 52,250 19.0
Electrical machinery 42,500 48,900 15.1

Electronic equipment 43.800 52,150 19.1
Computers 48.350 56,950 17.8
Fabricated metal products 44,500 47.700 7.2
Nonelectrical machinery 40,250 49,150 22.1
Petroleum 57,000 72,500 27.2
Precision instruments 43,400 52,300 20.5
Other durable goods 45,800 57,800 26.2
Other nondurable goods 45,800 58,900 28.6

All nonmanufacturing industries 48,950 56,150 14.7
Construction 41,750 58.600 40.4
Consulting and engineering services 46,450 57,300 23.4
Electric and gas utilities 47,700 57,500 20.5
Resear;11and development organizations 53,250 63,500 19.2
Other nonmanufacturing 44,950 53,500 19.0

SOURCE: Engineering Workforce Commission, annual survey of engineers' salaries, 1987 and 1992 Special Industry
Reports

Science & Engineering Indicators 1993
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Appendix table 3-9.
Median annual salaries of engineers working in
industry, by supervisory status and degree level:
1987 and 1992

Degree level
and supervisory status

Salaries
Change
1987-921987 1992

Dollars Percent
All engineers 47,150 54,900 16.4

Supervisor 59,450 70,050 17.8

Nonsupervisor 42,650 50,050 17.4

Bachelors 44,150 52,550 19.0

Supervisor 56,150 67,800 20.7

Nonsupervisor 40,250 48,100 19.5

Masters 51,950 59,350 14.2

Supervisor 63,750 73,100 14.7

Nonsupervisor 46,550 54,150 16.3

Doctorate 59,700 70,600 18.3

Supervisor 70,550 84,600 19.9

Nonsupervisor 55,200 64,550 16.9

SOURCE: Engineering Workorce Commission, annual survey of engineers'
salaries. 1987 and 1992 Special Industry Reports.

Science & Engineering Indicators 1993
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Science & Engineering Indicators -1993

Appendix table 3-12.
Median annual earnings of wage and salary workers who usually work full time,
by selected occupation: 1987 and 1992

Occupation

Earnings

1987 1992
Change
1987-92

Dollars Percent
Total, all occupations 19,396 23,140 19.3

Managerial and professional specialty occupations. . . 27,144 34.060 25.5
Executive, administrative, and managerial 27,560 33,800 22.6
Professional specialty occupations 26,936 34,268 27.2
Architects 33,124 35,984 8.6
Engineers 37,440 44,824 19.7
Aerospace 39,364 49,244 25.1
Chemical 42,068 51.064 21.4
Civil 34.528 43,160 25.0
Electrical/electronic 38,272 46,384 21.2
Industrial 34,736 40,664 17.1
Mechanical 37,544 42,796 14.0

Mathematical and computer scientists 32,448 41,548 28.0
Natural scientists 31,980 38,012 18.9
Chemists, except biochemists 32,812 39,416 20.1
Biological and life scientists 27,300 34,476 26.3

Physicians 36,296 52,364 44.3
Registered nurses 25,064 34,424 37.3
Pharmacists 35,204 45,032 27.9
Teachers, college and university 33,020 41,548 25.8
Teachers, except college and university 24,440 29.172 19.4
Social scientists and urban planners 27,872 36,660 31.5

Economists 33,020 38,896 17.8
Psychologists 25,116 34,580 37.7

Social workers 21,476 25.428 18.4
Lawyers 42,328 56,420 33.3
Editors and reporters 23,452 30,212 28.8

SOURCE: Bureau of Labor Statistics, Current Population Survey, unpublished tabulations.

See figure 3-10. Science & Engineering Indicators - 1993
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Appendix table 3-13.
Average annual salary offers to bachelors degree candidates, in selected fields: 1988-93

Degree field 1988 1989

Salary offers

1990 1991 1992 1993

Change from

1992-931988-89 1989-90 1990-91 1991-92

Dollars Percent--
Accounting 24,000 25,223 26,391 26,642 27,179 27,493 5.1 4.6 1.0 2.0 1.2

Business administration 21,456 22,450 23,529 24,019 24,305 24,555 4.6 4.8 2.1 1.2 1.0

Communications 20,220 20,819 21,002 21,852 21,262 21,498 3.0 0.9 4.0 (2.7) 1.1

Nursing 23,652 24,915 28,270 29,596 31,732 31,064 5.3 13.5 4.7 7.2 (2.1)

Engineering
Aerospace/aeronautic 28,176 29,433 30,509 30.667 31,826 31,583 4.5 3.7 0.5 3.8 (0.8)

Chem.cal 30,996 32,949 35,122 37.492 39,203 39,482 6.3 6.6 6.7 4.6 0.7

Civil 25,596 27,046 28,136 29,658 29,376 29,211 5.7 4.0 5.4 (1.0) (0.6)

Computer 29,736 30,244 31,490 32,280 32,848 33,963 1.7 4.1 2.5 1.8 3.4

Electrical 29,736 30,594 31.778 33,190 33,754 34,313 2.9 3.9 4.4 1.7 1.7

Industrial 28,476 29,660 30,525 32,131 32,348 32,940 4.2 2.9 5.3 0.7 1.8

Mechanical 29,388 30,490 32,064 33,999 34,462 34,460 3.7 5.2 6.0 1.4 0.0

Petroleum 32,016 32,789 35,202 38,882 40,679 38,387 2.4 7.4 10.5 4.6 (5.6)

Biological sciences 20,364 21,495 21,800 21,917 21,851 21,558 5.6 1.4 0.5 (0.3) (1.3)

Chemistry 26,004 26,307 27,494 26,836 27,557 28,002 1.2 4.5 (2.4) 2.7 1.6

Computer science 27,408 28,659 29,804 30,696 30.523 31,329 4.6 4.0 3.0 (0.6) 2.6

Mathematics 26,724 26.407 27,032 27,370 28,434 26,524 (1.2) 2.4 1.3 3.9 (6.7)

Physics 27,816 28,022 28,022 29,227 29,019 26,835 0.7 0.0 4.3 (0.7) (7.5)

Psychology 20,592 19,400 20,688 20,541 20,180 20,571 (5.8) 6.6 (0.7) (1.8) 1.9

Sociology NA 18,979 20,134 20.341 21,015 22,079 NA 6.1 1.0 3.3 5.1

NA = not available

SOURCE: College Placement Council, Survey of Beginning Salary Offers, annual series.

Science & Engineering Indicators 1993
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320 Appendix A. Appendix Tables

Appendix table 3-15.
Median annual salaries of full-time employed doctoral scientists and engineers, by degree field
and type of ernnloyer: 1991

Degree field
Total

employed Industry
Educational
institutions

Federal
Government

Nonprofit
organizations

Total science and engineering 60,700 70,200 56.300 60,300 59,600

Sciences 59.000 69,000 55,200 59,700 55,600

Physical sciences 65.100 68,800 61,100 61,700 63,500

Chemistry 63,200 66,900 56,500 61,300 57,500

Pnysics/astronomy 67,100 73,000 64,500 62,700 65,900

Mathematical sciences 60,800 70,700 56,700 70,300

Mathematics 60,100 70.600 55,800 74,200

Statistics/probability 62,400 70,800 60,000

Computer and information sciences 68,100 75,600 63,600

Environmental sciences 60,200 70,300 55,600 62,200 55,900

Earth sciences 60,300 72,100 55.400 62,700

Oceanography 60.400 67,400 56,000 60,300

Atmospheric sciences 58.300 51,900

Life sciences 55.500 65,200 52,100 54.500 56.700

Biological sciences 55,500 65,500 52,000 54,500 56,400

Agricultural sciences 51,500 55,600 50,100 54,200

Medical sciences 59,500 70.900 55,000 57,000 59,800

Psychology 55.500 70,500 53,400 54,700 50,000

Social sciences 56.000 70,500 55.000 66.000 52,400

Economics 64,200 90.200 60,400 68.500

Sociology/anthropology 50,500 50,000 51,300 52,400 40,500

Other social sciences 55.200 73.000 52.400 67.400 56.000

Engineering 70,200 71,400 67,800 65,400 72.200

Aeronautical/astronautical 73,200 75.600 72.300

Chemical 71,400 74.400 66.200

Civil 65.200 64,900 66,400 63,900

Electrical/electronic 74.200 75,900 72,800 70,800 70.400

Materials 64,800 62,900 70,700

Mechanical 68,900 73.200 67,200 59,900

Nuclear 70,400 67.700 70,500

Systems design 71.300 72.800 69,000

Other engineering 68,000 70,500 66,400 61.200

= no medians were computed for groups with fewer than 20 individuals reporting salary

SOURCE: Science Resources Studies Division. National Science Foundation. Characteristics of Doctoral Scientists and Engineers. 1991 (Washington, DC: NSF,

forthcoming)
Science & Engineering Indicators - 1993
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326 Appendix A. Appendix Tables

Appendix table 3-20.
Nonacademic scientists and engineers in selected countries, by sector of employment: Most current year

Canada France
West

Germany Japan Sweden
United

Kingdom
United
States

Sector (1986) (1992) (1985) (1990) (1985) (1990) (1992)

Percent

Scientists

Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0

Agriculture 3.4 0.3 0.2 0.2 0.6 1.7 0.8

Mining 4.4 1.8 2 0.0 0.3 1.6 1.5

Manufacturing 14.1 19.3 43.0 23.0 25.0 30.9 22.2

Construction 0.5 0.5 0.9 0.4 1.7 0.7 0.2

Wholesale and retail trade 4.8 6.0 2.2 0.5 10.0 4.4 3.1

Transportation, communications,
and public utilities 7.6 2.5 2.9 0.5 5.3 6.8 4.0

Business and professional services 21.3 43.6 39.7 73.7 28.6 25.0 48.2

Government NA NA 7.4 1.6 NA NA 19.6

All other 44.1 25.9 3.7 0.0 28.5 28.9 -
Engineers

Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0

Agriculture 0.7 0.0 0.1 0.2 0.4 0.0 0.1

Mining 6.1 4.3 2 0.1 0.8 2.4 1.7

Manufacturing 30.8 43.2 43.9 30.6 47.8 48.6 48.4

Construction 4.6 8.1 10.5 21.7 16.9 10.1 2.0

Wholesale and retail trade 2.0 5.5 1.9 3.2 5.1 3.5 4.2

Transportation, communications,
and public utilities 14.4 8.1 10.1 4.2 8.3 9.3 5.7

Business and professional services 28.1 15.8 21.0 37.0 12.2 18.8 22.8

Government NA NA 12.0 3.1 NA NA 14.3

All other 13.2 15.0 0.5 0.0 8.6 7.2 -
- = less than 0.05 percent: NA = not available, but include in "all other" category.

'Data exclude Northern Ireland.

2Mining data are included under transportation, communications, and public utilities.

NOTES: Figures refer to scientists and engineers employed in science and engineering jobs. Because of rounding. may not sum to 100 percent. Figures for
France. West Germany. Japan. Canada, Sweden, and the United Kingdom are estimates prepared by the U.S. Bureau of the Census based on published and
unpublished census and survey data for the year shown

SOURCES: Bureau of Labor Statistics. Occupational Employment Survey. Bureau of the Census. and Science Resources Division. National Science Foundation,
unpublished tabulations.
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Appendx table 3-21.
Scientists and engineers in manufacturing for selected countries, by occupation group: Most current year

Canada France
West

Germany Japan Sweden
United

Kingdom'
United
States

Occupation (1986) (1992) (1985) (1985) (1985) (1990) (1992)

Percent

Total scientists and engineers 100.0 100.0 100.0 100.0 100.0 100.0 100.0

Scientist.: 39.3 30.2 18.4 25.7 19.1 32.4 21.2

Natural 11.3 8.8 10.9 4.4 5.4 10.0 9.3

Computer 24.4 20 0 2 21.2 8.4 22.4 11.9

Social/other 3.6 1.4 7.4 0.1 5.3 0.0 0.0

Engineers 60.7 69.8 81.6 74.3 80.9 67.6 78.8
Civil 4.1 2.2 25.9 32.1 2.2 0.8 0.7

Electrical/electronic 15.0 26.9 13.0 15.4 20.2 16.8 25.3

Industrial/mechanical/other 41.6 40.8 42.8 26.8 58.5 50.0 52.8

'Data exclude Northern Ireland.

'Systems analysts are included with natural scientists, computer engineers are included with electrical/electronic engineers.

NOTES: Figures refer to scientists and engineers employed in science and engineering jobs. Details may not sum to totals because of rounding. Figures for France.
West Germany. Japan. Canada. Sweden. and the United Kingdom are estimates prepared by the U.S Bureau of the Census based on published and unpublished
censuu and survey data for the years shown.

SOURCES. Bureau of Labor Statistics. Occupational Employment Survey; Bureau of the Census; and Science Resources Division. National Science Foundation.
unpublished tabulations.
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Appendix table 4-1.
GDP and GDP implicit price deflators: 1960-94

GDP implicit price deflators GDP

Calendar year Fiscal year Calendar year Fscal year

Billions of dollars

1960 0.260 0.261 513.3 505.9

1961 0.263 0.263 531.8 516.9

1962 . . 0.269 0.268 571.6 554.3

1963 . . . 0.272 0.272 603.1 c.S5.0

1964 ....... 0 277 0.276 648 0 626.5

1965 0.284 0.283 702.7 671.4

1966 0.294 0.291 769.8 738.6

1967 ....... 0.303 0.301 814.3 791.3

1968 . . . . . 0.318 0.312 889.3 849.8

1969 . . . 0.334 0.328 959.5 925 6

1970 0.352 0.346 1 .010.7 985.6

1971 0.371 0.363 1.097.2 1.051.6

1972 0.388 0.382 1.207.0 1,145.8

1973 0.413 0.402 1.349.6 1,278.0

1974 0 449 0.433 1,458.6 1.403.3

1975 0.492 0.476 1,585.9 1.511.0

1976 0.523 0.512 1.768.4 1.685.1

1977 0.559 0.554 1,974.1 1.919.7

1978 0.603 0 596 2.232.7 2.156 4

1979 0.656 0.647 2.488.6 2.431.9

1980 . 0.717 0.706 2.708.0 2.644.5

1981 0.789 0.778 3,030.6 2.964.7

1982 0.838 0.836 3,149.6 3.124 9

1983 0.872 0.870 3.405.0 3,317.0

1984 . . . . 0.910 0.909 3.777.2 3.696.7
1985 0.944 0.943 4.038.7 3.970.9

1986 0.969 0.971 4.268.6 4,219.6

1987 1.000 1.000 4.539.9 4.453.3

1988 . 1 039 1.036 4.900.4 4.810.0

1989 1.085 1.082 5,250.8 5,170.1

1990 1.132 1.127 5.522.2 5.459.5

1991 1.178 1.168 5.677.5 5.626.6

1992 . . 1.209 1.201 5.943.1 5.869.6

1993 1.238 1.230 6.254.2 6.172.3

1994. 1.267 1.260 6.593.5 6.506.9

NOTE Data are as of March 9 1993

SOURCES Bureau of Economic Analysis Survey of Current Business (Washington. DC Department of
Commerce monthly senesi. and Office of Management and Budget unpublished tabulations
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Appendix table 4-2.
Purchasing power parities and market exchange rates, by selected country: 1970-91

Purchasing power parities Market exchange rates

Canada France Germany Italy Japan United Kingdom Germany Japan

Units of foreign currency per U.S. dollar

1970 1.11 4.23 2.87 401 241 0.273 3.65 358

1971 1.09 4.28 2.94 408 242 0.284 3.48 347

1972 1.10 4.39 2.96 415 245 0.294 3.19 303
1973 1.13 4.47 2.95 440 260 0.295 2.65 271

1974 1.18 4.60 2.89 484 286 0.311 2.58 292

1975 1.18 4.73 2.79 513 280 0.360 2.45 297

1976 1.21 4.94 2.72 572 284 0.390 2.52 297

1977 1.20 5.04 2.64 635 283 0.417 2.32 268

1978 1.19 5.17 2.56 675 277 0.432 2.00 208

1979 1.20 5.23 2.45 715 261 0.454 1.83 218

1980 1.22 5.35 2.35 786 250 0.497 1.81 226

1981 1.23 5.44 2.24 855 237 0.506 2.25 221

19G2 1.26 5.73 2.19 941 226 0.511 2.43 249

1983 1.27 6.07 2.20 1,048 222 0.520 2.55 238

1984 1.27 6.29 2.16 1.129 219 0.525 2.85 238

1985 1.27 6.48 2.15 1,196 217 0.548 2.94 239

1986 1.27 6.68 2.18 1.264 216 0.548 2.17 168

1987 1.29 6.69 2.16 1.300 210 0.559 1 80 145

1988 1.31 6.69 2.12 1,342 204 0.576 1.76 128

1989 1.32 6.66 2.09 1.371 200 0.593 1.88 138

1990 1.31 6.59 2.08 1.415 196 0.608 1.62 145

1991 1.30 6.53 2.09 1.460 193 0.623 1.70 135

NOTE: German data are for the former West Germany only

SOURCES: Organisation for Economic Co-operation and Development. Main Science and Technology Indicators database and International Monetary Fund.
International Statistics Yearbook (Washington. DC IMF. 19921

See figure 4-6. Science & Engineering Indicators - 1993
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Appendix table 4--4.
National expenditures for total R&D, by source of funds and performer: 1970-93

Total

Source of funds Performer

Federal
Government Industry

Universities
& colleges'

Other
nonprofits

Federal
Government Industry

Universities
& colleges

U&C
FFRDCs?

Other
nonprofits

Millions of current dollars
1970 . . 26.134 14,891 10.444 462 337 4,079 18,067 2,335 737 916

1971 26,676 14,964 10,822 529 361 4,228 18.320 2,500 716 912

1972 . 28,476 15,807 11.710 574 385 4.589 19.552 2,630 753 952

1973 30,718 16,399 13,293 613 413 4,762 21,249 2,884 817 1,006

1974 32,863 16,850 14.877 676 460 4,911 22.887 3,022 865 1,178

1975 35.213 18,109 15,820 749 535 5.354 24,187 3,409 987 1,276

1976 39.018 19,914 17.694 809 601 5,769 26.997 3.729 1,147 1.376

1977 42,783 21.594 19.629 888 672 6,012 29.825 4.067 1,384 1,495

1978 48,128 23.875 22,450 1.037 766 6.810 33.304 4,625 1.717 1,672

1979 54,953 26.825 26,082 1,214 832 7,418 38,226 5.380 1.935 1,994

1980 62.610 29,461 30,912 1.334 903 7,632 44.505 6.077 2,246 2.150

1981 71,869 33.415 35,945 1,549 960 8,426 51,810 6,847 2.486 2.300

1982 80.018 36,583 40,692 1,727 1.016 9,141 58,650 7,323 2.479 2,425

1983 89,143 40.838 45.252 1.927 1.126 10,582 65,268 7.881 2,737 2.675

1984 101.142 45,648 52,204 2.101 1.189 11.572 74,800 8,620 3.150 3.000

1985 . . . 113.818 52,127 57,978 2.369 1,344 12,945 84.239 9,686 3.523 3.425

1986 . . . 119.531 54.281 61.057 2.784 1,409 13.535 87.223 10.928 3.895 3.350

1987 125,353 57.912 62.643 3.192 1.606 13,413 92,155 12.154 4,206 3,425

1988 133,742 61,320 67,144 3,462 1.816 14,281 97,889 13.466 4.531 3,575

1989 140,771 62.634 72.110 3.947 2,080 15.121 101.854 15.016 4,730 4.050

1990 . . . 146,434 63.996 75,714 4.356 2,368 16.002 104.606 16.344 4.832 4.650

1991 145.383 59,146 78.804 4,850 2.583 15.238 102,246 17,620 5.079 5.200

1992 154.500 65.150 81.050 5.400 2.900 16.600 107,800 19.050 5,300 5,750

1993 160.750 68.000 83.550 6.000 3.200 16,600 112,300 20.550 5.300 6.000

Millions of constant 1987 dollars'

1970 74,597 42.622 29,673 1.335 966 11.789 51,327 6,749 2.130 2.602

1971 72,345 40.730 29,174 1.457 984 11,647 49,380 6.887 1.972 2.458

1972 73.714 41.029 30.183 1.503 1.000 12,013 50.392 6.885 1.971 2,454

1973 74,938 40.208 32,192 1.525 1.013 11.846 51.450 7.174 2,032 2.436

1974 73,916 38,170 33,141 1,561 1.043 11.342 50,973 6.979 1.998 2.624

1975 72.237 37.396 32,162 1.574 1,105 11.248 49,161 7,162 2,074 2.593

1976 75.041 38,464 33,837 1.580 1,161 11.268 51,620 7,283 2.240 2,631

1977 76.720 38,793 35,117 1.603 1.207 10.852 53.354 7.341 2.498 2,674

1978 . 80.070 39.819 37,234 1,740 1.277 11.426 55.231 7,760 2.881 2.773

1979 84.082 41.167 39.763 1,876 1,276 11.465 58,271 8.315 2.991 3,040

1980 87.669 41.393 43,118 1.890 1,268 10.810 62.071 8.608 3,181 2.999

1981 91.407 42.629 45,563 1.991 1.225 10.830 65.665 8,801 3.195 2,915

1982 95,541 43.702 48,559 2,066 1.214 10.934 69.988 8.760 2.965 2.894

1983 . . 102.284 46.881 51.896 2,215 1.293 12.163 74,849 9,059 3,146 3.068

1984 111.173 50.187 57,368 2,311 1.307 12.730 82,198 9.483 3.465 3.297

1985 120.599 55.245 61.418 2.512 1.425 13.727 89,236 10.271 3.736 3,628

1986 123,295 55,966 63,009 2,867 1,453 13.939 90,633 11,254 4,011 3.457

1987 125.353 57,912 62.643 3.192 1.606 13.413 92.155 12.154 4.206 3.425

1988 128,812 59.094 64.626 3,342 1.750 13,785 94,215 12.998 4,374 3.441

1989 129,832 57.801 66,463 3.648 1.920 13,975 93.875 13,878 4,372 3.733

1990 . . . 129,504 56.653 66.890 3.865 2.097 14.199 92.408 14.502 4.287 4.108

1991 123.691 50,431 66.905 4.152 2,202 13.046 86.796 15.086 4.348 4.414

1992 128,017 54.068 67.046 4.496 2.407 13,822 89,165 15.862 4.413 4.756

1993 130.070 55,102 67.496 4,878 2.593 13.496 90,711 16.707 4.309 4.847

FFRDC . federally funded research and development center U&C = universities and colleges

NOTES. Data are preliminary for 1992 and estimated for 1993. Data are based on annual reports by performers except for the nonprofit sector, for which data
generally are estimated. Expenditures for FFROCs administered by industry and nonprofit institutions are included in the totals of the respective sector

'Includes state and local government funds to the university and college sector

'U&C FFRDCs are administered by individual universities and colleges and by university consortia

'See appendix table 4-1 tor GDP implicit price deflators used to convert current dollars to constant 1987 dollars

SOURCES: Science Resources Studies Division. National Science Foundation. National Patterns of R&D Resources 1992. NSF 92-330 (Washington DC NSF.
19921: and unpublished tabulations

See'ligOre.; 4-1 and 4-2. 4 0 6 Science & Engineering Indicators 1993



334 Appendix A. Appendix Tables

Appendix table 4-5.
National expenditures for basic research, by source of funds and performer: 1970-93

Total

Source of funds Pei former

Fec 21

Goverri-unt Industry
Universities
& colleges''

Other
nonprofits

Federal
Government Industry

Universities
& colleges

U&C
FFRDCs3

Other
nonprofits

Millions of current dollars
1970 3,531 2,471 528 350 182 559 602 1,796 269 305
1971 3,652 2,509 547 400 196 566 590 1,914 260 322
1972 3,801 2,605 563 415 218 597 593 2,022 244 345
1973 3,945 2,708 605 408 224 608 631 2,053 296 357
1974 . . . 4,343 3,017 650 431 245 696 699 2,153 390 405
1975 4,738 3,270 705 477 286 734 730 2,410 439 425
1976 5,130 3.589 769 475 297 786 819 2,549 512 464 .
1977 5,735 4,021 850 527 337 914 911 2,800 600 510
1978 6,649 4,702 964 605 378 1,029 1,035 3,133 867 585
1979 7,570 5.350 1,092 716 412 1,089 1,158 3,628 1,015 680

1980 8,433 5,909 1,271 797 456 1,182 1,325 4,042 1,124 760
1981 9.595 6,619 1,589 907 480 1,302 1,614 4,593 1,261 825
1982 10.429 7,099 1,833 998 499 1,465 1,904 4,878 1,317 865
1983 11,633 7,771 2,121 1,171 570 1,690 2,223 5,303 1,472 945
1984 12,906 8.491 2,565 1,254 596 1,861 2,608 5,732 1,675 1.030
1985 . . 14,192 9,176 2,885 1.447 684 1,923 2,862 6,553 1,749 1,105
1986 16,585 9,993 4,132 1,733 727 2,019 4,047 7.490 1.859 1,170
1987 17,993 10.870 4,289 2,003 831 2,046 4.323 8,392 2,012 1,220
1988 18.775 11.604 4,134 2,113 924 2.050 4,280 8.893 2,222 1,330
1989 20,648 12,967 4,269 2,365 1,047 2,371 4,646 9.801 2,330 1,500

1990 22,099 13,705 4.586 2,616 1,192 2.366 4,909 10,681 2,403 1,740
1991 22,829 14,351 4,257 2,919 1,302 2,446 4,373 11,538 2,572 1,900
1992 24,380 15,350 4,410 3,180 1,440 2,700 4,500 12,400 2,700 2,080
1993 26,220 16,450 4,640 3.540 1,590 2,900 4,700 13,500 2,850 2,270

Millions of constant 1987 dollars4
1970 10,161 7,125 1,502 1,012 522 1,616 1,710 5,191 777 866
1971 10,006 6,892 1,477 1,102 535 1,559 1,590 5,273 716 868
1972 9,912 6,805 1,453 1.086 567 1,563 1,528 5,293 639 889
1973 9.748 6,713 1,469 1.015 551 1,512 1.528 5,107 736 864
1974 . . . 9,939 6,934 1,453 995 557 1,607 1,557 4.972 901 902
1975 9,875 6.842 1,438 1.002 593 1,542 1,484 5,063 922 864
1976 9,967 6,991 1,473 928 575 1,535 1,566 4,979 1,000 887
1977 10,329 7,250 1,522 951 606 1,650 1,630 5,054 1,083 912
1978 11,124 7,878 1,601 1,015 631 1,727 1,716 5,257 1,455 970
1979 11,661 8,255 1,667 1,107 633 1.683 1,765 5,607 1,569 1,037

1980 . . . 11,899 8,354 1,776 1,129 641 1,674 1,848 5,725 1.592 1,060
1981 12.289 8,493 2,017 1,166 613 1,674 2,046 5.904 1,621 1.046
1982 12,467 8.489 2,188 1,194 596 1,752 2,272 5,835 1,575 1.032
1983 13,363 8,929 2,433 1.346 655 1,943 2,549 6,095 1,692 1,084
1984 14,194 9.340 2,819 1,380 655 2,047 2,866 6,306 1,843 1,132
1985 15,045 9,729 3.057 1.534 725 2.039 3.032 6,949 1.855 1,171

1986 17,091 10,294 4,263 1.785 749 2,079 4,176 7,714 1,915 1,207
1987 17.993 10,870 4,289 2,003 831 2,046 4,323 8,392 2,012 1,220
1988 18,107 11,196 3,980 2.040 891 1,979 4,119 8,584 2,145 1.280
1989 19,067 11.979 3,936 2,186 967 2,191 4,282 9.058 2,153 1.382

1990 19.583 12,152 4.054 2,321 1,056 2,099 4,337 9,477 2,132 1,537
1991 19,500 12,270 3,619 2,499 1,111 2,094 3,712 9,878 2,202 1.613
1992 20,263 12,768 3,652 2,648 1,196 2,248 3,722 10,325 2,248 1,720
1993 21,280 13,360 3,753 2,878 1,289 2,358 3,796 10,976 2,317 1,834

FFRDC fedeially funded research and development center: U&C = universities and colleges

NOTES. Data are preliminary for 1992 and estimated for 1993. Data are based on annual reports by performers except for the nonprofit sector, for whorl data
generally are estimated. Expenditures for FFRDCs administered by Industry and nonprofit institutions are included in the totals of the respective sector.

'The imputation procedure for industry funding of its basic research changed for 1986 and after. These data may not be comparable to data for 1985 and earlier.

2Includes state and local government funds to the university and college sector.

'LAC FFRDCs are administered by individual universities and colleges and by university consortia.

4See appendix table 4-1 for GDP implicit price deflators used to convert current dollars to constant 1987 dollars.

SOURCES: Science Resources Studies Division. National Science Foundation, National Patterns of R&D Resources 1992, NSF 92-330 (Washington, DC: NSF,
1992): and unpublished tabulations.
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Appendix fable 4 -6
National expenditures for applied research, by source of funds and performer: 1970-93

Source of funds Performer

Federal
Total Government Industry

Universities Other Federal
& colleges' nonprofits Government Industry

Universities
& colleges

U&C
FFRDCs3

Other
nonprofits

Millions of current dollars
1970 5.738 3.097 2.427 99 115 1.345 3.427 427 216 323

1971 5.759 3.028 2.494 115 122 1.322 3,415 474 210 338

1972 6.011 3.131 2.615 .140 125 1.387 3.514 524 221 365

1973 6.598 3.395 2.891 172 140 1.480 3.825 713 227 353

1974 7.189 3 495 3.332 203 159 1 574 4.288 736 178 413

1975 7.802 3.878 3 517 225 182 1.730 4.570 851 203 448

19./6 8.954 4.442 4.003 282 227 2.093 5.112 1.016 235 498

1977 9.570 4.611 4.410 303 246 2.044 5.636 1.067 290 533

1978 10 584 4.969 4.981 354 280 2.191 6.300 1.184 319 590

1979 11.982 5.478 5.796 413 295 2.392 7.225 1.313 342 710

1980 13.619 6.168 6.693 444 314 2.484 8.450 1.536 424 725

1981 16.366 6,957 8.535 534 340 2.732 10.699 1.731 424 780

1982 18.155 7.618 9.566 608 363 2.729 12.323 1.858 430 815

1983. 20.266 8.752 10.507 621 386 3.020 13.927 1.988 456 875

1984 . 22.383 9 458 11.810 700 415 2.903 15.765 2.254 541 920

1985 25.334 10.910 13,217 756 451 3.133 18.255 2.420 591 935

1986 27.075 10.316 15.437 856 466 3.141 19.760 2.629 565 980

1987 27.685 10.645 15.542 966 532 3.392 19.813 2.912 538 1.030

1988 29.076 10.642 16.706 1.107 621 3.288 20.595 3.519 534 1.140

1989 31 984 12.018 17.943 1.306 717 3.611 22.388 4.080 605 1.300

1990. 33.667 12 524 18.897 1.435 811 3.587 23.628 4.363 629 1.460

1991 35.350 13.086 19.785 1.591 888 4,093 24.084 4.570 933 1.670

1992 37.610 14.250 20.510 1.840 1.010 4,450 25.400 4.920 1.000 1.840

1993 39.680 15.450 21.070 2.040 1.120 4.900 26.500 5,360 1,000 1.920

Millions of constant 1987 dollars.'
1970 16.399 8.888 6.896 286 329 3.887 9.736 1.234 624 918

1971 15.642 8.270 6.724 317 332 3.642 9.205 1.306 579 911

1972 15.579 8.148 6.740 366 324 3.631 9.057 1.372 579 941

1973 16.136 8.364 7.002 428 343 3.682 9.262 1.774 565 855

1974 16 216 7.964 7.423 469 360 3.635 9.550 1.700 411 920

1975 16.048 8.049 7.151 473 375 3.634 9.289 1.788 426 911

1976 17 258 8.613 7.656 551 438 4.088 9.774 1.984 459 952

1977 17.175 8.296 7.890 547 442 3.690 10.082 1.926 523 953

1978 17.624 8.302 8.261 594 467 3.676 10,448 1.987 535 978

1979 18.351 8.424 8.837 638 452 3.697 11.014 2.029 529 1.082

1980 19 091 8.685 9.336 629 441 3.518 11.785 2.176 601 1.011

1981 20.830 8.891 10.819 686 434 3.512 13.560 2.225 545 989

1982 21 679 9 102 11.416 727 434 3.264 14.705 2.222 514 973

1983 23.255 10.049 12.050 714 443 3.471 15.971 2.285 524 1.003

1984 24.604 10.399 12.978 770 456 3.194 17.324 2.480 595 1.011

1985 26.844 11.563 14.001 802 478 3.322 19.338 2.566 627 990

1986 27.928 10.635 15.930 882 480 3.235 20.392 2.708 582 1.011

1987 27 685 10.645 15 542 966 532 3.392 19.813 2.912 538 1.030

1988 28.005 10.258 16.080 1 069 599 3.174 19.822 3.397 515 1.097

1989 29.500 11.093 16 538 1.207 662 3.337 20.634 3.771 559 1.198

1990 29 775 11.089 16.695 1.273 718 3.183 20.873 3.871 558 1.290

1991 30 078 11.161 16.798 1.362 757 3.504 20.445 3.913 799 1.418

1992 31.165 11.828 16.967 1.532 838 3.705 21.009 4.097 833 1.522

1993 32.111 12.523 17.022 1.659 908 3.984 21.405 4 358 813 1.551

. r ROC federally landed research and de'velopment Center LIRC umversilies and colle.ges

NO IT S D.1L110, prntiminary 13r 19K and eTtirnated for 1993 Data are based on annual reports by perlormers e,cept for the nonprofit sector for which data are
e.t.m,iteu Since 1978 the applied research development split tor the academic sector has been estimated E rpencloures for FFRDCs administered by industry and

;i,titulvaris are ,ncluded in the totals of the respective sector

Ttvn imoutatron procedure for innuctry funding of itc applied research changed tor 1986 and after These data ITGy nu/ be comparable to data for 1985 and earlier

lircaide,, state rind local government fund, to We nriversity arid college ,,ector

UNC RUC:. are ado iinisteied by ,ndividual universities and colleges and by university consortia

appendiv table 4 I tor GDP implicit price deflators used to convt-rt Garrent dollars to constant 1987 dollar:,

SOURCES Scithice Resources Studies Division National Science Foundatici N Mona! Patterns ot H&D Resource,: 1992 NSF 92330 (Washington DC NSF.

19071 and unpublished tabulations 4 os
See figures 47 .ind 4- 3 Science 5 Engineering Indicators 1993
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Appendix table 4-7.
National expenditures for development, by source of funds and performer: 1970-93

Total

Source of funds Performer

Federal
Government Industry

Universities
& colleges"-,

Other
nonprofits

Federal
Government Industry

Universities
& colleges

U&C
FFRDCs3

Other
nonprofits

Millions of current dollars
1970 . . 16.865 9.323 7,489 13 40 2.175 14.038 112 252 288
1971 17,265 9.427 7.781 14 43 2.340 14.315 112 246 252
1972 18.664 10.071 8.532 19 42 2,605 15,445 84 288 242
1973 20.175 10.296 9.797 33 49 2.674 16.793 118 294 296
1974 21.331 10.338 10.895 42 56 2.641 17.900 133 297 360
1975 22.673 10.961 11.593 47 67 2.890 18.887 148 345 403
1976 24.934 11.883 12.922 52 77 2.890 21,066 164 400 414
1977 27.478 12.962 14.369 58 89 3.054 23.278 200 494 452
1978 30.895 14.204 16.505 78 108 3.590 25.969 308 531 497
1979 35.401 15.997 19.194 85 125 3.937 29,843 439 578 604

1980 . 40.558 17.384 22.948 93 133 3.966 34.730 499 698 665
1981 . . . 45.908 19.839 25.821 108 140 4.392 39.497 523 801 695
1982 . 51.434 21.866 29.293 121 154 4.947 44.423 587 - 732 745
1983 57.244 24.315 32.624 135 170 5,872 49.118 590 809 855
1984 65.853 27.699 37.829 147 178 6.808 56.427 634 934 1.050
1985. 74.292 32.041 41.876 166 209 7.889 53.122 713 1,183 1.385

1986 . 75.871 33.972 41.488 195 216 8.375 64.016 809 1.471 1.200

1987 . . 79.675 36.397 42.812 223 243 7.975 68.019 850 1.656 1.175
1988 . 85.891 39.074 46.304 242 271 8.943 73.014 1.054 1.775 1.105

1989 . 88.139 37.649 49.898 276 316 9.139 74.820 1.135 1,795 1.250

1990. 90.668 37.767 52,231 305 365 10.049 76.069 1.300 1,800 1.450
1991 87.204 31.709 54.762 340 393 8.699 73.789 1.512 1.574 1.630
1992. . 92.510 35.550 56.130 380 450 9,450 77,900 1,730 1.600 1.830
1993 94.850 36.100 57.840 420 490 8.800 81,100 1.690 1.450 1.810

Millions of constant 1987 dollars.'
1970 . . 48.037 26.609 21.276 38 114 6.286 39.881 324 728 818
1971 46.697 25.568 20.973 39 116 6.446 38.585 309 678 679
1972. 48.224 26.076 21.990 50 109 6.819 39,807 220 754 624

1973 . 49.054 25.131 23.722 82 119 6.652 40.661 294 731 717

1974 47.761 23.272 24.266 97 126 6.099 39.866 307 686 802
1975 46.314 22,505 23.574 99 137 6.071 38.388 311 725 819
1976 . . 47.817 22.860 24.708 102 148 5.645 40,279 320 781 792

1977 . 49.216 23.247 25.705 105 169 5.513 41.642 361 892 809

1978 . 51.322 23.640 27.372 131 180 6.023 43.066 517 891 824

1979 . 54.070 24.488 29.259 131 191 6.085 45.492 679 893 921

1980 56.678 24.355 32 006 132 186 5.618 48.438 707 989 927

1981 . . 58.287 25.244 32.727 139 178 5.645 50,060 672 1.030 881

1982 . . . 61.395 26.110 34.956 145 184 5.917 53,011 702 876 889
1983 . . . 65.666 27.903 37.413 155 195 6.749 56.328 678 930 981

1984 72.376 30.448 41.570 162 196 7.490 62.008 697 1.028 1.154

1985 78.710 33.952 44.360 176 221 8.366 66.867 756 1.255 1.467

1986 . 78.276 35.037 42.815 201 223 8.625 66.064 833 1.515 1.238

1987 . 79.675 36.397 42.812 223 243 7.975 68.019 850 1.656 1.175

1988 . . 82.700 37.639 44.566 234 261 8.632 70.273 1.017 1.713 1.064
1989 . 81.265 34.729 45.989 255 291 8.446 68.959 1.049 1.659 1.152

1990 . . 80.147 33.413 46,141 271 323 8.917 67.199 1.154 1.597 1.281

1991 . 74.113 27,000 46.488 291 334 7.448 62.639 1.295 1.348 1.384

1992 . 76.588 29.472 46,427 316 373 7.868 64.433 1.440 1.332 1.514

1993 76.678 29.219 46.721 341 396 7.154 65.509 1,374 1.179 1.462

F F ROC , lederally funded research and development center USC universities and colleges

NOTES Data are preliminary for 1992 and estimated for 1993 Data are based on annual reports by performers except for the nonprofit sector, for which data are
estimated Since 1978 the applied research development split for the academic sector has been estimated Expenditures for FFRDCs administered by industry and
nonprofit institutions are included in the totals of the respective sector

The imputation procedure for industry funding of its development changed for 1986 and after These data may not be comparable to data for 1985 andearlier

Includes state and local government funds to the university and college sector

USG FERDCs are administered by individual universities and colleges and by university consortia

-See appendix table 4-1 for GDP implicit price deflators used to convert cun ent dollars to constant 1987 dollars

SOURCES Science Resources Smdies Division National Science Foundation National Patterns of R&D Resource5. 1992 NSF 92-330 (Washington. DC NSF.
19921. and unpubk.hed tabulations

See figures 4-2 and 4-3 4 0 9 Science & Engineering Indicators 1993
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Appendix table 4-9.
R&D performance, gross state product, and R&DIGSP ratio, by state: 1991

Total R&D GSP3 R&D/GSP

Millions of dollars Percent

Alabama-.- 1,503 75,774 2.0

. Alaska 146 22,254 0.7

"Arizona 1,399 70,860 2.0

' Arkansas 198 41,650 0.5

California 28,337 765,038 3.7

Colorado' 2,473 74,952 3.3

Connecticut 1,913 92,773 2.1

Delaware' 949 16,500 5.8

District of Columbia 1,737 43,654 4.0

Florida 3,700 249,367 1.5

Georgia 1,479 142,893 1.0

Hawaii 145 30,622 0.5

Idaho2 79-1,064 18,516 NA

Illinois 6,417 278.488 2.3

Indiana 2,347 113,883 2.1

Iowa 777 57,223 1.4

Kansas2 141-2,104 54,554 NA

Kentucky 317 73,012 0.4

Louisiana 457 88,562 0.5

Maine2 57-341 24,546 NA

Maryland 5,864 106,676 5.5

Massachusetts 8,561 147,893 5.8

Michigan 8,851 190,166 4.7

Minnesota 2,228 101,939 2.2

Mississippi 299 41,725 0.7

Missouri2 399-2,362 106,919 NA

Montana2 66-1,051 14,428 NA

Nebraska 211 35,009 0.6

Nevada 261 33,200 0.8

New Hampshire' 270 24,935 1.1

New Jersey 8,768 216,408 4.1

New Mexico 2,582 28,157 9.2

New York 10,363 467,342 2.2

North Carolina 1,965 141,271 1.4

North Dakota2 56-2,019 13,465 NA

Ohio 5,975 226,078 2.6

Oklahoma 604 57,569 1.0

Oregon 600 59,424 1.0

Pennsylvania 7,621 247,019 3.1

Rhode Island 485 19,076 2.5

South Carolina 595 67,447 0.9

South Dakota 32 12,746 0.3

Tennessee 1,139 102,4?3 1.1

Texas 6,635 392,197 1.7

Utah . 665 32,142 2.1

VermonF 56-340 12,141 2.8

Virginia 2,771 147,233 1.9

Washington 3,890 112,106 3.5

West Virginia' 223 31,671 0.7

Wisconsin 1,573 102,764 1.5

Wyoming 41 12,401 0.3

NA = not available

'Total in-state R&D performance of all sectors estimated from range reported in appendix table 4-8.

'R&D performance range too wide for point estimation.

'Gross state product data are available from the Bureau of Economic Analysis (BEA) through 1989. GSP data for 1991 are estimated
here based on changes in employee compensation and proprietors' income between 1989 and 1991. as reported by BEA.

SOURCE: Science Resources Studies Division, National Science Foundation, unpublished tabulations.

See figure 4-4. Science & Engineering Indicators 1993
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346 Appendix A. Appendix Tables

Appendix table 4-11.
Estimated federal obligations for R&D, by selected agency, performer, and character of work: FY 1993

Agency

FFRDCs Univers. FFRCCs Other FFRDCs State &
Federal Industrial admin. by and admin. by non- admin. by local

Total intramural firms industry colleges U&C profits nonprofits govt. Foreign

Millions of dollars

Total R&D

Total, all agencies 69.754 16,643 31.203 2,142 11,764 3.703 2,957 721 286 336

Dept. of Agriculture 1,337 899 9 416 0 7 0 3 4

Dept. of Commerce 623 477 88 0 50 3 5

Dept. of Defense 36,155 8,277 24.543 315 1.558 558 272 447 1 185

Dept. of Energy 6.731 567 1,242 1.759 576 2.203 164 216 4 2

Dept. of Health & Human Services. . . . 11.143 2,361 452 21 6,284 35 1,719 26 187 69

Dept. of the Interior 541 482 13 40 0 1 0 3 2

Dept. of Transportation . . . . 493 262 158 1 32 0 9 15 15 1

Environmental Protection Agency . . . . 520 116 214 0 123 38 0 28 0

National Aeronautics & Space Admin . . 8,629 2.646 4,288 0 675 750 252 2 5 12

National Science Foundation 2,247 16 102 1 1.838 135 143 4 8

All other agencies 1,336 541 94 45 171 23 349 16 34 63

Basic . Isearch

Total, all agencies 14.184 2,893 1,104 227 7,070 1,468 1,228 79 59 55

Dept. of Agriculture 642 416 3 0 215 0 4 0 1 2

Dept. of Commerce 40 36 0 3 0 0

Dept. of Defense 1,162 333 94 1 682 11 31 0 11

Dept. of Energy 1.873 57 36 215 405 971 120 68 1

Dept. of Health & Human Services. . . . 5,849 1.113 212 11 3.530 21 870 9 50 31

Dept. of the Interior 195 179 1 0 12 0 1 0 3 0

Dept. of Transportation 0 0 0 0 0 0 0 0 0 0

Environmental Protection Agency . . . . 116 12 51 0 52 0 0 0 0

National Aeronautics & Space Admin . . 2.060 597 613 0 453 331 60 1 1 4

National Science Foundation 2.094 15 91 1 1.710 135 132 4 7

All other agencies 154 135 2 0 7 11 0 1 0

Applied research

Total, all agencies 13.715 4.94, 2,955 451 3,183 916 976 101 94 92

Dept. of Agriculture 630 420 6 198 0 2 0 2 1

Dept. of Commerce 494 406 40 0 43 1 ' 5

Dept. of Defense 3,365 1.401 1.392 21 449 55 30 10 0 6

Dept. of Energy 1.748 262 195 376 137 684 29 61 2

Dept. of Health & Human Services . 3.460 803 181 7 1.840 10 529 14 56 20

Dept. of the Interior 311 280 4 25 0 1 0 1 2

Dept. of Transportation 210 85 91 1 19 0 8 1 4 1

Environmental Protection Agency . 319 93 122 0 59 0 27 0 19 0

Nation. Aeronautics & Space Admin . . 2.103 888 857 0 147 145 61 1 4

National Science Foundation. . . . . . . 153 1 11 0 127 11 1 1

All other agencies 921 309 57 45 138 23 276 15 3 56

Development

Total, all agencies 41.855 8.802 27.144 1,464 1.511 1.318 753 541 133 189

Dept. of Agriculture 65 63 0 0 2 0 0

Dept. of Commerce 89 36 47 0 5 1 0 0

Dept. of Defense 31.628 6.542 23.056 293 427 492 211 438 1 169

Dept. of Energy 3.111 248 1,011 1.168 34 548 14 86 1

Dept. of Health & Human Services. . . 1,834 445 59 3 914 4 320 2 78 8

Dept. of the Interior 35 23 9 0 3 0 0 0 0 0

Dept. of Transportation 283 176 68 13 0 1 14 11 0

Environmental Protection Agency . . . . 84 11 41 0 12 0 11 0 9 0

National Aeronautics & Space Admin . . 4,465 1.161 2.817 0 75 274 131 1 2 4

National Science Foundation 0 0 0 0 0 0 0 0 0 0

All other agencies 260 97 36 26 63 0 31 8

= less than $500.000: FFRDC = federally funded research and development center. U&C = universities and colleges

NOTE These figures reflect funding levels as reported by federal agencies in March through October 1992. They differ from the figures in appendix table 4-10. which

reflect subsequent congressional appropriation actions through March 1993

SOURCE. Science Resources Studies Division, National Science Foundation. Federal Funds for Research i-md Development Fiscal Years 1991 1992. and 1993

(Washington, DC: NSF, 19931

See text table 4-3 4 7 7 Science Engineering Indicators - 1993
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Appebdix table 4-13
Federal R&D obligations for federal intramural performance, by selected agency: FYs 1980-93

All
agencies Defense Energy NASA HHS USDA Commerce Interior

All

other
agencies

Millions of dollars

1980 7.632 3.796 474 965 820 457 226 242 653
1981 8.426 4,281 451 1,044 872 511 237 274 756
1982 9.141 5.139 176 1,166 946 531 242 261 680
1983 10,582 6.401 258 1.134 1,034 559 252 274 670
1984 11,572 7.257 216 1.043 1.066 589 256 334 811
1985 12.945 8,324 224 1,171 1,147 628 280 342 830
1986 13.535 8.881 206 1,217 1.236 630 285 332 749
1987 13.413 8,336 248 1,414 1.293 649 320 355 799
1988 14,115 8.880 245 1.335 1.408 694 316 353 883
1989 15.121 9.295 248 1,733 1.529 689 325 394 907
1990 16.003 9.639 307 1,968 1,662 737 336 424 929
1991 . . . ... 15.238 8,157 381 2.112 1.975 824 400 490 900
1992 (est.) 16.635 8,791 498 2.362 2.245 885 426 526 902
1993 (est.) 16.643 8.277 567 2.646 2.361 899 477 482 935

HI-IS = Department of Health and Human Services: NASA = National Aeronautics and Space Administration: USDA = Department of Agriculture

NOTES Intramural activities cover costs associated wan the pIanning and administration of intramural and extramural R&D programs by federal personnel
and actual intramural R&D performance. Data includes expenditures for activities performed by the reporting agency itself, and funds that the agency
transfers to another federal agency for performance of work as long as the ultimate performer is that agency or any federal agency.

SOURCES Science Resources Studies Division (SRS1. National Science Foundation. Federal Funds for Research and Development. Detailed Historical
Tables' Fiscal Years 1955-1990 (Washington. DC. NSF 19901. and SRS Federal Funds for Research and Development Fiscal Years 1991. 1992 and
1993 (Washington. DC: NSF. 1993)
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350 Appendix A. Appendix Tables

Appendix table 4-14,
Federal R&D obligations to federally funded research and development centers, by administering
sector and selected agency: FYs 1980-93

All

All other
agencies Defense Energy NASA agencies

Millions of dollars

FFRDCs administered by universities and colleges

1980 1,533 149 1,185 97 102

1981 1.791 186 1,400 79 126

1982 1.977 226 1,439 183 129

1983 2,394 388 1,564 305 136

1984 2,486 262 1,714 350 160

1985 2,816 306 1,848 512 150

1986 2,768 285 1,797 542 143

1987 3,210 737 1,839 475 158

1988 3,474 829 1,945 560 141

1989 3,497 686 2,033 630 148

1990 3,466 658 2,020 619 168

1991 3.604 637 2,072 736 159

1992 (est ) 3,831 645 2,233 773 181

1993 (est . ) 3,703 558 2,203 750 193

FFRDCs administered by industry

1980 1,408 92 1,166 0 150

1981 1.414 105 1,155 0 154

1982 1,506 148 1,194 0 164

1983 1,501 129 1,218 0 154

1984 1,608 110 1,365 0 134

1985 1,791 125 1,549 0 117

1986 1,697 146 1.455 0 96

1987 1,860 325 1,475 0 61

1988 1,911 316 1.536 0 60

1989 1,960 309 1,588 0 63

1990 2.238 419 1.718 0 100

1991 2.068 316 1,690 0 62

1992 (est ) 2,178 313 1,788 0 77

1993 (est ) 2,142 305 1,759 0 78

FFRDCs administered by nonprofit institutions

1980 442 255 172 1 15

1981 525 319 184 1 22

1982 521 385 114 0 21

1983 581 466 92 0 22

1984 597 473 104 0 19

1985 . ..... 689 551 118 1 19

1986 551 436 102 1 13

1987 511 400 96 1 14

1988 . . 506 397 91 1 16

1989 522 391 107 3 20

1990 632 416 157 2 57

1991 679 442 186 2 49

1992 (est ) 713 449 208 2 55

1993 (est ) 721 447 216 2 56

FFRDC federally funded research and development center. NASA National Aeronautics and Space Administration

SOURCES: Science Resources Studies Division (SRS), National Science Foundation. Federal Funds for Research and Development.
Detailed Historical Tables Fiscal Years 1955-1990 (Washington. DC NSF. 1990)- and SRS. Federal Funds for Research and Development
Fiscal Years 1991.1992. and 1993 (Washington. DC. NSF. 1993)
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Appendix table 4-18.
Department of Defense military outlays, by subfunction: 1970-94

DOD outlays' Personnel O&M

Distribution by subfunction

Procurement RDT&E Construction Housing

Percent

1970 81.173 35.8 26.6 26.6 8.8 1.4 0.8

1971 77.874 37.3 26.9 24.2 9.4 1.4 0.8

1972 78,054 37.9 27.8 21.9 10.1 1.4 0.9

1973 76,501 38.9 27.5 20.5 10.7 1.5 1.0

1974 79.001 38.5 28.5 19.3 10.9 1.8 1.1

1975 85,953 37.4 30.6 18.7 10.3 1.7 1.3

1976 88,481 36.8 31.5 18.0 10.1 2.3 1.3

1977 95,504 35.3 32.0 19.0 10.3 2.0 1.4

1978 102,954 34.5 32.6 19.4 10.2 1.9 1.4

1979 113.893 32.8 32.0 22.3 9.8 1.8 1.3

1980 131.963 31.0 33.9 22.0 9.9 1.9 1.3

1981 154,474 31.0 33.6 22.8 9.9 1.6 1.1

1982 180.780 30.5 33.0 23.9 9.8 1.6 1.1

1983 205.646 29.6 31.6 26.1 10.0 1.7 1.0

1984 222,661 28.8 30.3 27.8 10.4 1.7 1.1

1985 244,599 27.7 29.6 28.8 11.1 1.7 1.1

1986 263,485 27.1 28.6 29.0 12.3 1.9 1.1

1987 271.326 26.5 28.1 29.8 12.4 2.2 1.1

1988 281,726 27.1 30.0 27.4 12.3 2.1 1.1

1989 294,831 27.4 29.5 27.7 12.6 1.8 1.1

1990 290.973 26.0 30.4 27.8 12.9 1.7 1.2

1991 308.618 27.0 33.0 26.6 11.2 1.1 1.1

1992 290,259 28.0 31.7 25.8 11.9 1.5 1.1

1993 281,692 27.0 32.3 24.3 13.3 1.9 1.2

1994 268.624 26.1 33.2 23.1 14.2 2.0 1.4

DOD = Department of Defense; O&M = operations and maintenance: RDT&E = research, development, test. and evaluation

NOTES: Outlays exclude expenditures by the Army Corps of Engineers Total DOD outlays and subf unction shares include only the categories listed here: they
exclude adjustments reported in an undefined "other" category.

'DOD outlays are in millions of current dollars.

SOURCE: Office of Management and Budget. Budget of the United States Government (Washington. DC: Government Printing Office, annual series).

See figure 4-18. Science & Engineering Indicators 1993
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Appendix table 419.
Department of Deft Ise funds for research, development, test, and evaluation, by mission category: FYs 1972-94

DOD
RDT&E

total
Technology

base

Advanced
technology

development
Strategic
programs

Tactical
programs

Intelligence &
communications

Defensewide
mission
support

Millions of dollars
1972 7,945 1,462 238 1.581 3,019 493 1,152

1973 8.001 1.376 160 1.896 2,936 528 1,104

1974 8,009 1,353 200 1,882 2,811 665 1,097

1975 8.572 1,371 300 2,143 2.923 643 1,192

1976 9.212 1.487 557 2.222 2,895 887 1,164

1977 10,522 1,682 537 2.333 3,848 830 1,293

1978 11,117 1,799 502 2,329 4.644 559 1,284

1979 12.210 2,010 525 2,139 5,088 759 1,689

1980 13.345 2.265 604 2,165 5,233 1,152 1,926

1981 16.472 2.600 593 3.440 6,130 1,632 2.077

1982 19.897 2,933 751 4.636 6.890 2,160 2.527

1983 22,647 3,238 823 5.825 7.255 2.709 2,797

1984 26.601 3,055 1,352 7.878 7,929 3,406 2,981

1985 30.870 3.121 2.751 8,169 9,062 3,953 3.814

1986 33.676 3,232 4.067 7.509 10,266 4.525 4,07i
1987 35.942 3,237 5,032 7,703 11.032 4,702 4.236

1988 37.027 3.310 5.356 7.227 11.998 4,885 4,251

1989 37.506 3,506 5,837 6.428 12,989 4,512 4.234

1990 36.632 3,345 5,833 5,192 13,237 4,791 4.234

1991 34,871 3.886 5,298 4.375 12.611 4,471 4,230

1992 38,118 4.105 6.314 4,240 14,313 4,921 4,225

1993 38.176 4.920 4.053 6,345 14,131 4.702 4,025

1994 38.620 4.376 3,607 4.776 15.904 5,113 4,844

Percentage of total

1972 100.0 18.4 3.0 19.9 38.0 6.2 14.5

1973 100.0 17.2 2.0 23.7 36.7 6.6 13.8

1974 100.0 16.9 2.5 23.5 35.1 8.3 13.7

1975 100.0 16.0 3.5 25.0 34.1 7.5 13.9

1976 100.0 16.1 6.0 24.1 31.4 9.6 12.6

1977. . . 100.0 16.0 5.1 22.2 36.6 7.9 12.3

1978 100.0 16.2 4.5 20 9 41.8 5.0 11.5

1979 100.0 16.5 4.3 17.5 41.7 6.2 13.8

1980 100.0 17.0 4.5 16.2 39.2 8.6 14.4

1981 100.0 15.8 3.6 20.9 37.2 9.9 12.6

1982 100.0 14.7 3.8 23.3 34.6 10.9 12.7

1983. . 100.0 14.3 3.6 25 7 32.0 12.0 12.4

1984 100.0 11.5 5.1 29.6 29.8 12.8 11.2

1985 100.0 10.1 8.9 26.5 29.4 12.8 12.4

1986 100.0 9.6 12.1 22.3 30.5 13.4 12.1

1987 100.0 9.0 14.0 21.4 30.7 13.1 11.8

1988 100.0 8.9 14.5 19.5 32.4 13.2 11.5

1989 100.0 9.3 15.6 17.1 34.6 12.0 11.3

1990 100.0 9.1 15.9 14.2 36.1 13.1 11.6

1991 100.0 11.1 15.2 12.5 36.2 12.8 12.1

1992 . 100.0 10.8 16.6 11.1 37.5 12.9 11.1

1993 100.0 12.9 10.6 16.6 37.0 12.3 10.5

1994 100.0 11.3 9.3 12.4 41.2 13.2 12.5

DOD Department ot Defense. RDT&E research, development, test, and evaluation

NOTE' Data are DOD s total obligational authority.

SOURCES. Science Resources Studies Division National Science Foundation. Federal R&D Funding by Budget Function (Washington. DC NSF. annual series): and
DOD. RDT&E Programs (R-11(Washington. DC: DOD. annual series)

See figure 4-18 Science & Engineering Indicators 1993
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Appendix table 4-20.
Federal funding of academic research, by mode of support and selected
civilian agency: FYs 1980, 1983, 1986, and 1989

Agency 1980 1983 1986 1989

Millions of dollars
Six civilian agencies 3,579 4,156 5.503 7,261

Individual investigators 2,003 2,384 3,030 3.677
Research teams 968 1,018 1,465 2,218
Research centers 482 575 705 920
Major facilities 126 179 291 438
Other support 0 0 12 9

National Institutes of Health (--.:. 2,437 3,327 4,445
Individual investigators 1,10u 1,395 1,774 2,171

Research teams 681 738 1,154 1,752

Research centers 273 299 386 484

Major facilities 7 5 13 38

National Science Foundation 719 880 1,163 1.438

Individual investigators 512 610 768 885
Research teams 68 84 123 164

Research centers 21 25 51 112

Major facilities 119 162 221 277

Department of Energy 337 321 422 560

Individual investigators 137 131 192 230
Research teams 160 125 109 168

Research centers 41 65 78 91

Major facilities 0 0 43 72

National Aeronautics & Space Admin.' 173 189 244 404
Individual investigators 115 118 143 216
Research teams 57 69 77 133

Research centers 0 0 7 27

Major facilities 1 2 5 19

Other support 0 0 12 9

Department of Agriculture .. .. 225 282 281 356
Individual investigators 75 90 91 129

Research teams 3 3 2 2

Research centers 147 180 179 193

Major facilities 0 10 9 32

Environmental Protection Agency 64 45 65 59
Individual investigators 64 40 62 47

Research teams 0 0 0 0

Research centers 0 5 4 12

Major facilities 0 0 0 0

'Totals for 1980 are 1981 data.

SOURCE. Office of Science and Technology Policy. Trends in the Structure of Federal Science Support
report of the Federal Coordinating Council for Science. Engineering, and Technology (Washington, DC:
Government Printing Office, 19921.

See figuies 4-16 and 5-5. Science & Engineering Indicators 1993
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Appendix table 4-21.
Federal budget authority proposed for FCCSET research initiatives, by agency and research theme: FY 1994

Advanced
manufacturing

Agency technology

High-performance
computing &

communications
U.S. global

change

Advanced
materials &
processing Biotechnology

Science. math.
engineering, &

tech. ed.

Millions of dollars

Total, all agencies 1,385 1.000 1.476 2,061 4,298 2,334

Dept. of Agriculture 50 0 48 46 191 24

Dept. of Commerce 141 14 70 57 14 6

Dept. of Defense 596 385 7 422 94 539

Dept. of Education 0 2 0 0 0 356

Dept. of Energy 367 124 98 946 245 128

Dept. of Health & Human Services 0 47 2 93 3,369 464

Dept. of the Interior 64 0 34 22 6 90

Dept. of Transportation 0 0 0 13 0 0

Dept. of Veterans Affairs 0 0 0 0 72 0

Agency for International Development ' 0 0 0 0 31 0

Environmental Protection Agency 1 12 27 4 20 10

National Aeronautics & Space Admm 36 111 1.013 131 40 84

National Science Foundation 130 305 170 328 216 622

Smithsonian Institution 0 0 7 0 0 10

FCCSET = Federal Coordinating Council for Science. Engineering. and Technology

'The Agency for International Development and the Smithsonian Institution are not members of the full FCCSET .

NOTE: Funding estimates are proposals included in the President's FY 1994 budget. Precise comparisons between FCCSET initiatives and the federal R&D support
totals are difficult because the definitions for the two sets of data are not necessarily identical and there may be some double counting tor closely related activities that

are included in more than one initiative.

SOURCE: Office of Management and Budget. FCCSET Initiatives in Me FY 1994 Budget (Washington DC- April 8 19931.

See figure 4-17 . Science & Engineering Indicators 1993
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Appendix table 4-23.
Small Business Innovation Research awards, by award type and agency: FYs 1983-91

Cumulative

Award type and agency 1983 1984 1985 1986 1987 1988 1989 1990 1991 1983-91

Millions of current dollars
Total 45 108 199 298 351 389 432 461 483 2.765

By type
Phase I awards 45 48 69 99 110 102 108 118 128 825

Phase II awards 0 60 130 199 241 285 322 342 336 1.915

By agency
Dept. ot Defense 20 45 78 151 194 208 233 241 241 1.410

Dept. of Health & Human Services 7 23 45 57 67 73 79 84 93 528

National Aeronautics & Space Admin 5 13 29 36 32 47 52 62 69 346

Dept. of Energy 5 16 26 29 28 30 33 39 39 246

National Science Foundation 5 7 10 15 17 17 19 20 22 131

Dept. of Agriculture 1 2 3 4 4 4 4 4 5 29

Dept. of Transportation 2 3 4 3 3 4 4 6 29

Environmental Protection Agency 1 2 3 3 3 3 3 4 22

Dept. of Education 1 1 2 2 2 2 2 3 15

Nuclear Regulatory Commission 1 1 1 1 1 1 1 8

Dept. of Commerce 0 0 0 1 2 1 1 1 1 7

Dept. of the Inferior 1 0 0 0 0 0 0 1

Millions of constant 1987 dollars-'
Total' 51 119 211 307 351 376 399 409 414 2.637

By type
Phase I awards 51 53 73 101 110 98 100 105 110 801

Phase II awards 0 66 138 205 241 275 297 303 288 1.813

By agency
Dept. of Defense . . ........ . 23 49 83 155 194 201 216 213 206 1.340

Dept. of Health & Human Services . . 8 26 48 58 67 70 73 75 80 505

National Aeronautics & Space Admin 6 15 31 37 32 46 48 55 59 329

Dept. of Energy 6 18 27 30 28 29 31 35 33 237

National Science Foundation .. 6 8 10 15 17 17 17 17 19 126

Dept. of Agriculture 1 2 3 4 4 4 4 4 4 30

Dept. of Transportation .... .. . 2 3 4 3 3 3 4 5 27

Environmental Protection Agency 1 2 3 3 3 3 3 3 21

Dept. of Education 1 1 2 2 2 2 2 2 14

Nuclear Regulatory Commission 1 1 1 1 0 1 1 6

Dept. of Commerce 0 0 0 1 2 1 1 1 1 7

Dept. of the Interior 1 0 0 0 0 0 0 1

less than S500.000

Totals are Small Business Innovation Research award obligations that include award modifications. 1 he details by award type and agency do not necessarily contain
subsequent year revisions and may not add to totals.

See appendix table 4-1 for GDP implicit price deflators used to convert current dollars to constant 1987 dollars.

SOURCE Small Business Administration. Small Business Innovation Development Act (Washington DC SBA annual series i
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Appendix table 4-24.
Small Business Innovation Research awards, by technology area and selected agency: FYs 1983-91 (cumulative)

Technology area Total DOD HHS NASA DOE NSF Other2

Percent

Total (1983-91) 100 100 100 100 100 100 100

Computer, information processing. analysis 21 26 15 25 9 18 19

Electronics 21 29 8 20 18 17 11

Materials 16 18 6 16 24 26 14

Mechanical performance of
vehicles, weapons. facilities 6 8 1 12 3 4 4

Energy conservation and use 12 10 3 15 30 10 6

Environment & natural resources 7 5 4 7 11 12 20
Life sciences 16 4 65 4 4 13 26

Millions of dollars
Award value (1983-91)
Assigned to (multiple) technology areas . . . 4,244 1.990 758 610 482 206 198
Actual phase I and II award value 2.765 1.410 528 346 246 131 111

DOD = Department of Defense: DOE = Department of Energy: HHS = Department of Health and Human Services: NASA = National Aeronautics and Space
Administration, NSF = National Science Foundation

'Distributions are based on the cumulative 1983-91 value of awards, not on the number of awards granted. Within each of the broad technology areas listed. Small
Business Innovation Research awards are assigned to more specific technology areas, including multiple technology areas. Therefore, the percentage distributions
include overcounting of awards assigned to multiple technology areas. .

Includes the Departments of Agriculture. Commerce. Education. and Transportation: the Environmental Protection Agency: and the Nuclear Regulatory Commission.

SOURCE: Small Business Administration. Small Business Innovation Development Act (Washington. DC: SBA, 19921.

See figure 4-22

Appendix table 4-25.
Budgetary impact of the federal research and experimentation tax credit: FYs 1981-94

Science & Engineering Indicators 1993

Total Ratio
Cost of R&E credit' federal of credit Total

Cost of R&E creditOutlay Revenue R&D outlays federal
equivalent loss outlays to R&D Outlay Revenue R&D

(a) (b) (c) (a);(c) equivalent loss outlays

Millions of current dollars Percent Millions of constant 1987 dollars2
1981 . . 205 15 32.459 0.63 263 19 41.721

1982 640 415 34,391 1.86 766 496 41.138
1983 1.010 615 36.659 2.76 1,161 707 42,137

1984 3.360 1.380 39.691 8.47 3.696 1.518 43.664
1985 2.430 1.665 44.171 5.50 2,577 1.766 46.841
1986 2.295 680 50.609 4.53 2.364 700 52.120
1987 2.715 1.865 51.612 5.26 2.715 1,865 51.612
1988 .. 1.240 900 54.739 2.27 1.197 869 52.837

1989 . . 1.590 1.145 59.450 2.67 1,470 1.058 54,945

1990 . . 1.625 1.115 62.247 2.61 1.442 989 55.232
1991 1.070 725 61.130 1.75 916 621 52.337
1992 1.850 1.215 64.642 2.86 1.540 1.012 53,823
1993 775 520 66.576 1.13 630 423 55.753
1994 . . 325 215 70.335 0.46 258 171 55.821

R&E = research and experimentation

NOTES Tax expenditure estimates are prepared by the Treasury Department based on income tax law enacted as of December 31st of the year for which the
fu,penditures are reported Expenditures for the years 1992-94 are estimated based on income tax law enacted as of December 31. 1E:92 Legislation authorizing the
R&E credit expired on June 30. 1992

Outlay equivalent estimates are comparable to taxable outlay figures reported in the budget This allows a comparison of the resource cost of the tax credit with the
cost of direct federal R&D expenditure support The revenue loss estimates are net ol taxes

See appendix table 4-1 tor GDP implicit price deflators used to convert current dollars to constant 1987 dollars

SOURCE Office of Management and Budget Budget of the UrVed States Government (WasIvngton DC Government Printing Office annual seriesi
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table 4-28.

National support for health R&D, by performer and source of funds: 1980-92
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1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990
1991

(est)
1992
(est.)

Millions of current dollars

Source of funds

Government 5.203 5,413 5.612 6,117 6,887 7.675 7,929 9,037 9,725 10.634 11,422 12,413 13,424

Federal 4,723 11,848 4,970 5,399 6,087 6,791 6,895 7,847 8,425 9,163 9,791 10,711 11,596

Nat'l Institutes of Health . . 3,182 3,333 3,433 3,789 4,257 4.828 5,005 5,852 6,292 6,778 7,136 7,711 8.423

State and local 480 564 642 718 800 884 1,034 1,191 1.300 1,471 1,632 1,702 1,827

Industry 2,459 2,998 3,593 4,205 4,765 5,352 6,188 7,103 8.432 9.404 10,634 12,020 13,505

Private nonprofit 305 328 390 456 507 538 782 800 854 939 1,020 1,128 1,196

Howard Hughes' 18 20 25 54 79 51 247 183 179 197 215 250 281

Performer

Government 1.487 1,575 1,669 1,813 1,997 2,140 2.155 2,389 2,590 2,578 2,861 3,300 3.568

Federal 1.284 1,364 1,448 1,577 1.741 1,869 1,848 2,042 2.213 2,161 2,403 2,816 3,049

State and local 203 211 221 236 256 271 307 347 377 417 458 484 520

Industry2 2,249 2,659 3,161 3.668 4,216 4,660 5,293 6,002 6,927 7,901 8,817 9.578 11.006

Higher education2 3,005 3,211 3,388 3,779 4,274 4,745 5.320 5,056 6,593 7,238 7,744 8,467 9,173

Private nonprofit2 726 751 785 887 976 1,115 1,157 1,352 1,455 1.798 1,886 1,931 2,087

Foreign 499 543 593 631 697 805 975 1,140 1,446 1.462 1,769 2,078 2,291

Biomedical R&D price index3. 0.649 0.713 0.774 0.819 0.867 0.911 0.949 1.000 1.050 1.106 1.166 1.224 1.284

Millions of constant 1987 dollars

Total 12,276 12,255 12,397 13,160 14,024 14,890 15,701 16,940 18,106 18.967 19,791 20,882 21,904

Source of funds

Government 8.017 7,591 7.251 7.469 7,943 8,424 8,355 9,037 9,262 9.615 9.796 10,141 10,455

Federal 7,277 6,800 6.421 6.593 7.021 7,454 7.266 7,847 8,024 8,285 8,397 8.751 9,031

Nat'l Institutes of Health . . . . 4,903 4,675 4,435 4,626 4,910 5.300 5,274 5.852 5,992 6,128 6,120 6,300 6,560

State and local 740 791 829 877 923 970 1,090 1,191 1,238 1,330 1.400 1.391 1,423

Industry 3.788 4.205 4,642 5,134 5.496 5,875 6,521 7.103 8,030 8.503 9.120 9.820 10.518

Private nonprofit 470 460 504 557 585 591 824 800 813 849 875 922 931

Howard Hughes' 8 28 32 66 91 56 260 183 170 178 184 204 219

Performer

Government 2,292 2,208 2,156 2,214 2.303 2,349 2,271 2.389 2,467 2,331 2.454 2.696 2,779

Federal 1.979 1.912 1,871 1,925 2.008 2.052 1,947 2.042 2,108 1.954 2,061 2,301 2.375

State and local 313 296 286 288 295 297 323 347 359 377 393 395 405

Industry 3.466 3.729 4,084 4,479 4.863 5.115 5.577 6.002 6,597 7,144 7.562 7.825 8,572

Higher education 4,630 4,504 4,377 4.614 4,930 5,209 5.606 5.056 6.279 6.544 6,642 6.917 7,144

Private nonprofit 1,119 1.053 1.014 1.083 1.126 1.224 1,219 1,352 1,386 1,626 1,617 1,578 1.625

Foreign 768 762 766 770 804 884 1,027 1,140 1.377 1.322 1,517 1.698 1,784

'For Howard Hughes Medical Institute, figures are for the direct conduct of biomedical research, and exclude support for scientific career development Figures for

1985 include only 8 months of operations because of change in fiscal year.

'Includes expenditures for federally funded research and development centers administered by organizations in the respective sectors

'The biomedical R&D price index used here differs from the GDP implicit price deflator detailed in appendix table 4-1

SOURCE National Institutes of Health. Department of Health and Human Services. NIH Data Book (Bethesda, MD: NIH. annual series)

See figure 4-11. Science & Engineering Indicators 1993
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Appendix table 4-29.
Indicators of technology transfer from federal laboratories: 1987-91
(page 1 of 2)

Agency 1987 1988 1989 1990 1991

Number of active cooperative R&D agreements

Total, all agencies 108 194 403 607 975

Dept. of Agriculture 9 51 98 128 177

Dept. of Commerce 0 9 44 82 115

Dept. of Defense
Air Force 0 2 7 13 26

Army 2 9 32 80 115

Navy 0 0 2 20 52

Dept. of Energy 0 0 0 1 43

Environmental Protection Agency 0 0 2 11 31

Dept. of Health and Human Services 22 28 89 110 144

Dept. of the Interior 0 0 1 12 11

National Aeronautics & Space Admin.' 75 95 127 147 244

Dept. of Transportation 0 0 0 1 9

Dept. of Veterans Affairs 0 0 1 2 8

Number of inventions disclosed

Total, all agencies 2,662 3,047 3,168 3.772 4,213

Dept. of Agriculture 83 144 127 158 127

Dept. of Commerce 43 31 49 46 30
Dept. of Defense

Air Force 83 90 169 160 102

Army 248 348 276 376 463
Navy 622 709 708 847 959

Dept. of Energy 857 1,003 1,053 1,335 1,666
Environmental Protection Agency 0 0 0 12 20
Dept. of Health and Human Services 194 226 209 215 215

Dept. of the Interior 3 6 3 26 26
National Aeronautics & Space Admin. 496 462 532 538 570

Dept. of Transportation 0 0 0 1 2

Dept. of Veterans Affairs 33 28 42 58 33

Number of patent applications

Total, all agencies 848 1,131 1,462 1,669 1,936

Dept. of Agriculture 44 50 71 76 110

Dept. of Commerce 8 15 28 28 18

Dept. of Defense
Air Force 49 47 122 145 178

Army 177 203 216 236 274

Navy 117 197 278 426 467

Dept. of Energy 252 336 382 366 397

Environmental Protection Agency 4 5 5 6 8

Dept. of Health and Human Services 98 145 225 239 261

Dept. of the Interior 5 4 11 15 21

National Aeronautics & Space Admin. 94 129 121 123 201

Dept. of Transportation 0 0 0 1 1

Dept. of Veterans Affairs NA NA 3 8 NA

(continued)

457
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Appendix table 4-29.
Indicators of technology transfer from federal laboratories: 1987-91
(paae 2 of 2)

Agency 1987 1988 1989 1990 1991

Number of licenses granted

Total, all agencies 128 125 157 193 261

Exclusive ........ . . 53 60 76 83 100

Nonexclusive 75 65 81 110 161

Dept. of Agriculture 30 24 23 33 29

Dept. of Commerce 0 0 1 0 2

Dept. of Defense
Air Force 1 2 2 4 1

Army 3 2 2 3 9

Navy 6 2 10 8 15

Dept. of Energy 37 43 57 88 125

Environmental Protection Agency 0 0 0 1 2

Dept of Health and Human Services 35 42 48 47 69

Dept. of the Interior 3 3 7 3 5

National Aeronautics & Space Admin. 13 7 7 6 4

NA = not available

'Cooperative agreements made by National Aeronautics and Space Administration labs are made under the authority of the 1958 Space Act.

SOURCE Office of Technology Commercialization. Department of Commerce. Technology Transfer Under the Stevenson-Wydler Technology

Innovation Act: The Second Biennial Report (Washington. DC. DOC. January 1993t

See figure 4-24. Science & Engineering Indicators -1993
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Appendix table 4-35.
International R&D expenditures and R&D as a percentage of GDP: 1970-91

R&D expenditures' R&D expenditures as a percentage of GDP

United
States Japan

United
Germany France Kingdom Italy

United
Canada States

United
Japan Germany2 France Kingdom Italy Canada

Billions of constant 1987 dollars Percent --

1970 74.2 16.0 13.8 10.1 NA 3.9 2.7 2.6 1.8 2.1 1.9 NA 0.8 1.2

1971 71.9 17.1 15.2 10.5 NA 4.1 3.1 2.4 1.9 2.2 1.9 NA 0.9 1.3

1972 73.4 18.9 15.9 10.7 11.6 4.3 3.2 2.4 1.9 2.2 1.9 2.1 0.9 1.2

1973 74.4 20.7 15.8 10.7 NA 4.3 3.1 2.3 2.0 2.1 1.8 NA 0.8 1.1

1974 73.2 21.2 16.2 11.2 NA 4.2 3.1 2.3 2.0 2.1 1.8 NA 0.8 1.1

1975 71.6 21.6 16.7 11.3 12.2 4.6 3.2 2.2 2.1 2.2 1.8 2.0 0.8 1.1

1976 74.6 22.4 17.0 11.5 NA 4.5 3.2 2.2 2.0 2.2 1.8 NA 0.8 1.0

1977 76.5 23.1 17.4 11.8 NA 4.7 3.4 2.2 2.0 2.2 1.7 NA 0.8 1.1

1978 79.8 24.2 18.7 12.1 13.5 4.6 3.6 2.2 2.0 2.3 1.7 2.1 0.7 1.1

1979 83.8 26.8 20.5 12.9 NA 4.9 3.8 2.2 2.1 2.4 1.8 NA 0.7 1.1

1980 87.3 29.3 21.4 13.3 NA 5.1 4.0 2.3 2.2 2.4 1.8 NA 0.7 1.1

1981 91.1 32.0 21.1 14.6 15.4 6.0 4.5 2.4 2.3 2.4 2.0 2 4 0.9 1.2

1982 95.5 34.4 21.8 15.6 NA 6.2 4.9 2.5 2.4 2.5 2.1 NA 0.9 1.4

1983 102.2 37.1 21.9 16.0 15.0 6.6 4.9 2.6 2.5 2.5 2.1 2.2 1.0 1.4

1984 111.1 39.6 22.4 16.8 NA 7.1 5.3 2.7 2.6 2.5 2.2 NA 1.0 1.4

1985 120.6 43.5 24.4 17.3 15.8 8.1 5.7 2.8 2.7 2.7 2.3 2.3 1.1 1.4

1986 123.4 43.9 24.9 17.5 16.8 8.3 6.0 2.8 2.7 2.7 2.2 2.3 1.1 1.5

1987 125.4 46.9 26.5 18.1 16.9 9.0 6.0 2.8 2.8 2.9 2.3 2.2 1.2 1.4

1988 128.7 50.2 27.2 18.8 17.4 9.5 6.1 2.7 2.9 2.9 2.3 2.2 1.2 1.4

1989 129.7 54.5 28.2 19.9 18.0 10.0 6.1 2.7 3.0 2.9 2.3 2.2 1.2 1.4

1990 129.4 59.1 28.0 21.1 17.6 10.6 6.4 2.7 3.1 2.7 2.4 2.2 1.3 1.4

1991 123.4 60.7 29.6 21.3 16.3 11.4 6.4 2.6 3.0 2.8 2.4 2.1 1.4 1.4

NA = Not available

'Conversions of foreign currencies to U.S. dollars are calculated with Organisation for Economic Co-operation and Development purchasing power panty exchange
rates. (See appendix table 4-2.) Constant 1987 dollars are based on the U.S. Department of Commerce calendar year GDP implicit price deflators. (See appendix
table 4-1 )

'German data are for the former Wc.st Germany only. The R&D/GDP ratio for the unified Germany was 2.6 percent in 1991.

SOURCES: Science Resources Studies Division. National Science Foundation ,nternational Science and Technology Update (Washington. DC: NSF. periodic series);
Organisation for Economic Co-operation and Development Main Science and Technology Indicators database; and nationai sources.

See figure 4-7. Science & Engineering Indicators 1993
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Appendix table 4-36.
International nondefense R&D expenditures and nondefense R&D as a percentage of GDP: 1970-91

Nondefense R&D expenditures Nondefense R&D expenditures as a percentage of GDP

United
States

United
Japan Germany2 France Kingdom Italy

United
Canada States

United
Japan Germany2 France Kingdom Italy Canada

Billions of constant 1987 dollars Percent

1970 51.6 NA 12.6 NA NA 3.9 NA 1.8 NA 1.9 NA NA 0.8 NA
1971 50.0 16.9 14.1 8.0 NA 4.0 2.9 1.7 1.9 2.0 1.4 NA 0.8 1.2

1972 50.4 18.7 15.0 8.4 8.5 4.2 3.1 1.6 1.9 2.1 1.5 1.5 0.8 1.2

1973 52.6 20.5 14.7 8.4 NA 4.2 3.0 1.6 2.0 1.9 1.4 NA 0.8 1.1

1974 53.1 21.0 15.1 8.9 NA 4.1 3.0 1.6 2.0 2.0 1.4 NA 0.8 1.1

1975. 51.9 21.5 15.7 9.1 8.5 4.6 3.1 1.6 9.1 2.1 1.4 1.4 0.8 1.1

1976 54.7 22.3 15.9 9.4 NA 4.4 3.1 1.6 2.0 2.0 1.4 NA 0.8 1.0

1977 55.3 23.0 16.4 9.6 NA 4.7 3.3 1.6 2.0 2.0 1.4 NA 0.8 1.0

1978 58.4 24.1 17.6 9.7 9.6 4.5 3.5 1.6 2.0 2.1 1.4 1.5 0.7 1.0

1979 62.7 26.6 19.3 10.1 NA 4.8 3.7 1.7 2.1 2.2 1.4 NA 0.7 1.1

1980 . . 66.5 29.1 20.4 10.3 NA 5.1 3.9 1.8 2.2 2.3 1.4 NA 0.7 1.1

1981 67.8 31.8 20.2 10.9 11.4 5 8 4.4 1.8 2.3 2.3 1.5 1.8 0.8 1.2

1982 69.2 34.3 20.9 12.0 NA 6.1 4.7 1.8 2.4 2.4 1.6 NA 0.9 1.3

1983 73.6 36.9 21.0 12.6 11.1 6.4 4.8 1.9 2.5 2.4 1.7 1.7 0.9 1.3

1984 79.0 39.4 21.4 13.3 NA 6.8 5.1 1.9 2.6 2.4 1.7 NA 1.0 1.3

1985 . 84.9 43.2 23.2 13.7 11.8 7.6 5.5 2.0 2.8 2.6 1.8 1.7 1.1 1.4

1986 85.2 43.6 23.6 13.7 13.0 7.9 5.8 1.9 2.7 2.6 1.8 1.8 1.1 1.4

1987 . 86.2 46.6 25.2 14.2 13.3 8.6 5.8 1.9 2.8 2.7 1.8 1.8 1.1 1.4

1988 90.1 49.8 26.0 14.6 14.1 8.9 5.9 1.9 2.8 2.7 1.8 1.8 1.1 1.3

1989 92.3 54.1 26.8 15.6 14.4 9.3 5.9 1.9 3.0 2.7 1.8 1.8 1.2 1.3

1990 94.1 58.6 26.6 16.1 14.5 10.2 6.2 1.9 3.0 2.6 1.9 1.8 1.3 1.4

1991 90.0 60.2 28.3 16.6 13.2 10.9 6.2 1.9 3.0 2.7 1.9 1.7 1.3 1.4

NA Not available

'Nondefense R&D expenditures are total R&D expenditures-generally as reported by the R&D performers (see appendix table 4-351-minus goverment R&D funds
for defense purposes (see appendix table 4-39)--generally taken from national budget documents; that is. as reported by the R&D funders Conversions of foreign
currencies to U S dollars are calculated with Organi;ation for Economic Co-operation and Development purchasing power panty exchange rates. (See appendix table
4-2.) Constant 1987 dollars are based on the U S. Department of Commerce calendar year GDP implicit price deflators. (See appendix table 4-1.)

'German data are for the former West Germany oniy

SOURCES: Science Resources Studies Division. National Science Foundation. International Science and Technology Update (Washington. DC. NSF. periodic series):
Organisation for Economic Co-operation and Development Main Science and Technology Indicators database: and national sources.

See figures 4-7 and 4-8. Science & Engineering Indicators -1993
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Appendix table 4-37.
International R&D expenditures, by performing sector and source of funds: 1991

377

Sources of R&D funds Percent
Higher Private distribution.

R&D performer Total Industry Government education nonprofit Foreign performers

Total

Industry
Government
Higher education
Private nonprofit

Percent distribution, sources .

Total

Industry
Government
Higher education
Private nonprofit . .

Percent distribution. sources .

Total

Industry
Government
Higher education
Private nonprofit .

Percent distribution. sources ..

Total

Industry
Government
Higher education
Private nonprofit

Percent distribution. sources . .

Total

Industry
Government
Higher education
Private nonprofit

Percent distribution. sources ...

Total

Industry
Government
Higher education
Private nonprofit

Percent distribution. sources .

Japan (in billions of current yen)

13.769 10,005 2.546 1.116 91 12 100.0%

9,743 9.589 134 0 10 10 70.8
1,047 23 1.023 0 0 0 7.6
2.406 55 1.233 1,115 3 0 17.5

573 338 156 0 78 2 4.2

100.0°, 72.7% 18.5% 8.1% 0.7% 0.1%

Germany (in millions of current deutsche marks)

72.840 43.640 27.070 0 400 1.730 100.0%

49.850 42,580 5.510 - 160 1.600 68.4
11.100 100 10,710 - 170 120 15.2
11.560 900 10,660 - - 15.9

330 60 190 70 10 0.5

100.0% 59.9% 37.2% 0.0% 0.5% 2.4%

France (in millions of current francs)'

157,203 68.390 75.864 437 668 11,844 100.0%

94.997 65.631 18.765 9 32 10,560 60.4
38.006 1.430 35,372 46 29 1.129 24.2
22.905 1.112 21.281 359 18 135 14.6

1,295 217 446 23 589 20 0.8

100.0% 43.5% 48.3% 0.3% 0.4% 7.5%

United K'igdom (in millions of current pounds)

11,940 5.980 4,120 90 360 1.390 100.0%

7.770 5,390 1,140 - 1.240 65.1
1.640 190 1.360 - 60 30 13.7
1.940 160 1.380 90 210 100 16.2

590 240 240 - 90 20 4.9

100.QYo 50.10/0 34.5% 0.8% 3.0% 11.6%

Italy (in billions of current lire)

19.659 8.794 10.227 0 0 638 100.0%

10.968 8 614 1.792 - 562 55.8
4,791 87 4.665 - 39 24.4
3.900 93 3.770 - - 37 19.8- - - 0.0

100.0% 44.7% 52.0% 0.0% 0.0% 3.2%

Canada (In millions of current dollars)

9.737 3.994 4.347 199 250 947 100.0%

5.184 3.795 471 _ 918 53.2
1,915 29 1.879 - 7 19.7
2.527 158 1.955 199 202 13 26.0

111 12 42 - 48 9 1.1

100.00/0 41.0% 44.6% 2.0% 2.6% 9 7%

'Data for France are tor 1990

SOURCE Organisation tor Economic Co-operation and Development. unpublishecrtabUlakns. 4
See figure 4-5 Science 8 Engineering Indicators 1993
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Appendix table 4-36.
R&D expenditures in the United States, by performing sector and domestic and foreign source of funds:
1980, 1987, and 1990

R&D performer Total

Sources of R&D funds

Industry Government
Higher

education
Private

nonprofit Foreign

Millions of dollars

Total 1980 expenditures 62,610 29,395 29.461 1,334 903 1,517

Industry 44,505 28,959 14,029 - 1,517

Government 7,632 7,632 - - -
Higher education 8,323 236 6,350 1,334 403 -
Other nonprofit 2,150 200 1,450 500

Percent distribution. sources. . . . 100.0% 46.9% 47.1% 2.1% 1.4% 2.4%

Total 1987 expenditures 125,353 58,146 57,912 3,192 1,606 4,497

industry 92,155 56,906 30,752 - 4,497

Government 13,413 13,413 - -
Higher education 16,360 790 11,547 3,192 831 -
Other nonprofit 3.425 450 2.200 775 -

Percent distribution, sources. 100.0% 46.4% 46.2% 2.5% 1.3% 3.6%

Total 1990 expenditures 146,434 67,311 63.996 4,356 2.368 8.403

Industry 104,606 65,577 30,626 - - 8.403

Government 16.002 - 16,002 - -
Higher education 21,176 1,134 14,468 4,356 1,218 -
Other nonprofit 4,650 600 2.900 - 1,150 -

Percent distribution, sources. 100.0% 46.0% 43.7% 3.0% 1.6% 5.7%

Percent
distribution.
performers

100.0%
71.1
12.2
13.3
3.4

100.0%
73.5
10.7
13.1
2.7

100.0%
71.4
10.9
14.5
3.2

NOTE Foreign sources represent funding from companies located in the United States with foreign ownership of 50 percent or more.

SOURCES: Science Resources Studies Division ISRS). National Science Foundation. National Patterns ol R&C) Resources. 1992, NSF 92-330 WVashington. DC:

NSF, 1994 SFRS. unpublished tabulations: and Bureau of Economic Analysis. unpublished tabi,lations.

See figure 4-5. Science & Engineering Indicators- 1993
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Appendix table 4-39.
Distribution of government R&D budget appropriations, by socioeconomic objective: 1992

Objective
United
States Japan Germany France

United
Kingdom Italy Canada

Percent -------
Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0

Agriculture, forestry, and fishing 2.2 3.6 2.7 4.0 4.0 2.6 12.6
Industrial development 0.3 3.9 13.3 12.6 7.9 14.3 9.9
Energy 4.5 21.3 4.7 31 2.0 3.7 5.8

Infrastructure 2.2 1.9 1.9 1.0 1.7 0.7 4.7
Transport and teiecommunications 2.0 1.5 0.4 NA NA NA 3.5
Urban and rural planning 0.2 0.3 1.4 NA NA NA 1.1

Environmental protection 0.7 0.5 3.6 0.7 1.6 2.1 1.6
Health 14.7 0.5 3.6 0.7 1.6 2.1 1.6
Social development and services 1.3 2.9 3.3 3.4 6.0 6.2 7.9
Earth and atmosphere 1.2 1.0 2.6 0.4 2.4 4.8 2.4

Advancement of knowledge 3.9 50.8 48.1 26.9 22.5 46.3 36.3
Advancement of research 3.9 8.3 13.5 14.9 4.9 9.4 15.4
General university funds 42.5 34.6 12.0 17.6 36.9 20.8

Civil space 9.6 7.1 5.9 8.4 3.1 7.2 6.9
Defense 59.4 5.9 10.5 37.4 46.2 7.3 7.0
Not elsewhere classified 0.0 0.0 0.7 0.4 0.3 3.5 1.7

NA = not separately available but included in subtotal; - = the United States does not have an equivalent to Europe's and Japan's general university funds

NOTES: Percentages may not add to 100 because of rounding. U.S. data are based on budget authority. Because of general university funds and slight differences
in accounting practices, the distribution of government budgets among socioeconomic objectives may not completely reflect the actual distribution of government-
funded research in particular objectives Japanese data are based on science and technology budget data, which include items other than R&D. Such items are a
small proportion of the budget, and therefore the data may still be used as an approximate indicator of relative government emphasis on R&D by objective. Data for
Canada and France are for 1991.

SOURCES: Science Resources Studies Division. National Science Foundation InternationalScience and Technology Update (Washington. DC: NSF, annual series);
Organisation for Economic Co-operation and Development Main Science and Technology Indicators database; and national sources.
See figure 4-12.
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Appendix table 4-41.
R&D expenditures performed for majority-owned foreign affiliates of U.S. parent companies,
by country: 1982 and 1989-91

Country 1982 1989 1990 1991

Millions of current U.S. dollars
Total 3.647 7,048 10,187 9,358

Canada 545 914 1,159 1,037

Europe 2,591 5,178 7,952 7,109

Belgium 181 317 388 383

France 263 545 882 871

Germany 893 1,4u6 2,561 2,503

Ireland 31 134 539 573

Italy 136 294 476 327

The Netherlands 101 360 459 477

Spain 36 115 103 100

Sweden 29 33 130 83

Switzerland 51 67 76 91

United Kingdom 805 1,673 2,221 1,612

Other European countries 65 144 117 89

Asia and the Pacific 294 760 846 914

Australia 120 181 197 144

Japan 104 488 512 595

Singapore D 25 54 87

Other Asian and Pacific
countries D 247 83 88

Latin America and other
Western Hemisphere . . 179 153 201 23
Brazil 96 90 113 149

Mexico 38 37 53 64

Other Latin America countries 45 26 35 40

Middle East 11 32 16 30

Africa 26 11 13 15

South Africa 23 9 10 12

Other African countries 3 2 3 3

D = withheld to avoid disclosing operations of individual companies

NOTES: Data include foreign direct investments of nonbank U.S. affiliates only and R&D expenditures conducted by arid for the
foreign affiliates The data exclude expenditures for R&D conducted for others under a contract. The expenditures reported
here differ from those in appendix table 4-40

SOURCE. Bureau of Economic Analysis, U.S. Direct Investment Abroad (Washington, DC: BEA, annual series).
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Appendix table 4-42
Distribution of strategic technology alliances between economic blocs, by technology: 1980-84 and 1985-89

Technology

U.S.-Europe

1980-84 1985-89

U.S.-Japan

1980-84 1985-89

U.S.-Japan

1980-84 1985-89

Total 338 586 272 307 100 149

Biotechnology . 58 124 45 54 5 20
New materials 32 52 16 40 15 23
Information 158 256 133 132 57 57
Automotive 10 24 10 39 6 16
Aviation/defense 24 31 7 3 1 0
Chemicals. 31 54 35 28 14 21

Food and beverages 3 4 0 2 2 2
Heavy electrical equipment 13 22 9 4 0 4
Instrutnents.medical 9 19 17 5 0 6

SOURCE: John Hagedoorn and Jos Schakenraad. Strategic Technology Partnering and International Corporate Strategies." in European Competitiveness, hirsty
Hughes ed (Cambridge. United Kingdom. Cambridge University Press, 19931.

See figure 4-27 Science & Engineering Indicators -1993

Appendix table 4-43.
Percentage of industrial R&D performance financed from foreign sources, by selected country: 1981-91

United
States Canada France Germany' Italy Japan

United
Kingdom

Percent

1981 6.2 7.4 7.2 1.2 4.3 0.1 8.7
1982 6.5 10.7 4.8 1.3 4.7 0.1 NA
1983 6.5 16.7 4.6 1.4 4.3 0.1 6.8
1984 6.5 17.2 6.5 1.5 6.2 0.1 NA
1985. 6.4 14.3 6.9 1.4 6.1 0.1 11.1
1986 6.8 13.7 8.0 1.4 7.3 0.1 12.2
1987 7.3 16.9 8.7 1.5 6.9 0.1 12.0
1988 8.2 18.1 9.2 2.1 6.6 0.1 12.0
1989 9.5 16.9 10.9 2.7 6.5 0.1 13.4
1990 11.1 17.7 11.1 3.0 7.3 0.1 15.5
1991. NA 17.7 NA 3.1 5.1 0.1 16.0

NA not available

NOTE For the United States. foreign expenditures are from companies with at least 10 percent foreign ownership.

'German data are for the former West Germany only

SOURCE Organisation tor Economic Co-operation and Development. Main Science and Technology Indicators database. and Bureau of Economic Analysis. Foreign
Direct Investment in the United States (Washington. DC- BEA. annual series)

See figure 4-29 Science & Engineering Indicators -1993
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Appendix table 4 45.
R&D expenditures In the United States by majority-owned U.S. affiliates of foreign companies,
by Industry of affiliate and country of ultimate beneficial owner: 1980 and 1987-90

Industry and country 198C 1987

4.497

4.092
58
D

D

1.075
283

50

3?
38

62
D

D

79
D

555
D

D

254

405
59

317
86
71

34

D

3.458
332
824

D

540
124

D

790
47

179
5

133

41

329
14

D

D

D

1988

Millions of current dollars

5.485

5.11?
105

D

D

1,293
339

08
61

31
100
446
285

.1611114

771
337

D

210

373
42

300
67

107

31

D

4,241
40?
963

73

6161(6)

1.081)5

D

345
4

282
59

302
9

D

D

0

1989

0.720

6.293
185

D

D

1 000
378
117
62

75
201

556
295
260

1 078

;21
35/

D

295

427
77

297
71

D

53

D

6,51 .. 4',. .110 46

93

1 602960005

1.568
72

412
9

369
34

352
10

D

D

0

1990

8 403

1 /03
20 t

(.1

D

7 ;406

401

151
113

70

150
039
3 6771

1

999
f-:c

:00
76

6ir;
28.1

101 ,

58

D

61 r671667:7:

92
79

1.455
1 786

119
777

14

695
68

315
10

D

D

Total

Expenditures by industry
Manufacturing . . . .

Food and kindred products .

Chemicals and allied products . .

Industrial and other chemicals .

Drugs and medicines. . .

Petroleum
Rubber products . . . .

Slone. clay. and glass pioducts .

Primary metal mdustrias . . .

Fabricated meta! products
Machinery, except electrical. .

Computer and office equipment
Other . .

Electrical and electronic equipment
Household audio & video, and
communications equipment. . . .

Electronic components and othei
Transportation equipment . . .

Professional and scientific instruments

Nonmanufacturing industries .
Services
Wholesale trade . . . . .

Motor vehicles and equipment .......
Electrical goods . .

Other

Expenditures by country
Canada . ......... .

Europe . . ................
France
Germany'
Italy . . .

The Netherlands
Sweden
Switzerland . .

United Kingdom . . . .

Other European countries
Asia and the Pacific

Australia . .

Japan
Other Asian and Pacific countries

Latin America and other western hemisphere
Middle East
Africa
South Africa .

Other African countries

1.517

1 420
19

733

501

232
175

8
10

D
D

92
28
65

285

66
219

10

28

97
5

69
D

5

23

113
1.217

39
281

D

D

D

329
247

16

D

2

D

D

155
2

D

D

D

Millions of constant 1987 dollars

Total 2.116 4.497 5.279 6.194 7 423

D withheld to avoid disclosing operations of individual companies. NA - not available

NOTES Includes foreign direct investments of nonbank U S affiliates with 50 percent or more foreign ownership These R&D rrxpeiiditure5 are a
subset of total foreign R&D expenditures. ieported in appendix table 4 44 Excludes expenditures for R&D conducted for others under a contract

'German data are for the former West Germany only

See appendix table 4 -1 for GDP implicit price deflators used to convert current dollars to constant 1987 dollars

SOURCE Bureau of Economic Analysis. special tabulations

Science & Engineering Indicators 1119:I
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386 Appendix A. Appendix Tables

Appendix table 4-46.
Government funding of academic and academically related research, by field and country: 1987

United West United The Unweighted
Field States Japan Germany France Kingdom Canada Netherlands Australia average

Millions ot constant U.S. 1987 dollars'

Total . . . 14,904 3.736 4.037 3.212 2.787 1.267 958 738 -
Percent

Engineering . . . . 13 2 21 6 12 5 11.2 15.6 11.9 11 7 7.9 13 2

Physical sciences. . . . . . 15.6 14.5 25.1 29.7 20.3 13.7 21 7 13.7 19.3

Environmental sciences . . . 5.8 3 7 4.5 5.3 6.3 3.7 2.8 9 4 5.2
Math & computer sciences . . . 4.0 2.3 3 9 5.4 7.5 5.2 3.5 4.2 4.5
Life sciences 48.9 33 7 36.7 34.7 31.0 38.2 32.7 36.0 36.5
Social sciences and psych.. . 5.1 3.9 5.2 4.6 6.7 10.3 10.4 12.2 7 3

Professional & vocational . . . . 3.3 9.9 5.0 2.1 5.8 8.7 8.5 6.4 6.2
Arts and humanities ...... . 2.8 9 6 6 2 6.8 6.6 7.5 8.6 10.1 7.3

Multidisciplinary 1.5 0.8 0.8 0.1 0.3 0.9 0.1 0.0 0 6

'Conversions of foreign currencies to U.S dollars were calculated with the Organisation for Economic Co.operation and Development purchasing power parity
excoange rates available in early 1989

'Research not elsewhere classified

SOURCE. B R. Martin and J Irvine. 'Trends in Government Spending on Academic and Related Research An International Comparison: Science and Public Policy.
Vol 19 No 5 315
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Appendix A. Appendix Tables

Appendix table 5-2.
Support for academic R&D, by sector: FYs 1960-93
(page 1 of 2)

Total
Federal

Government
State/ local

government Industry
Academic
institutions

All other
sources

Millions of current dollars

1960 646 405 85 40 64 52

1961 763 500 95 40 70 58

1962 904 613 106 40 79 66

1963 ..... . 1,081 760 118 41 89 73

1964 1,275 917 132 40 103 83

1965 1,474 1,073 143 41 124 93

1966 1,715 1,261 156 42 148 108

1967 1,921 1.409 164 48 181 119

1968 2,149 1,572 172 55 218 132

1969 2.225 1,600 197 60 223 145

1970 2,335 1,647 219 61 243 165

1971 2,500 1.724 255 70 274 177

1972 2,630 1.795 269 74 305 187

1973 2,884 1,985 295 84 318 202

1974 3.022 2,032 308 95 368 219

1975 3,409 2,288 332 113 417 259

1976 3,729 2.512 363 123 446 285

1977 4,067 2,726 374 139 514 314

1978' 4,625 3,059 414 170 623 359

1979 5,380 3,604 476 194 738 368

1980 6.077 4,104 497 236 837 403

1981 6,847 4,571 545 292 1,004 435

1982 7,323 4.768 616 337 1,111 491

1983 7,881 4,989 625 389 1,302 576

1984 8,620 5,430 690 475 1,411 614

1985 9,686 6,063 752 560 1,617 694

1986 10,928 6,710 916 700 1,868 734

1987 12,154 7,341 1,024 790 2,168 831

1988 13,466 8.191 1,107 872 2,355 941

1989 15.016 8,991 1,235 998 2,712 1,080

1990 16,344 9,636 1.339 1,134 3,017 1.218

1991 17,620 10.221 1.481 1.216 3.369 1 333

1992 (est.)* 19,050 10,800 1.650 1.350 3.750 1,500

1993 (est.)' 20,550 11,400 1.850 1.500 4.150 1.650

Millions of constant 1987 dollars2

1960 2,475 1,552 326 153 245 199

1961 2.901 1.901 361 152 266 221

1962 3,373 2,287 396 149 295 246

1963 3,974 2,794 434 151 327 268

1964 4,620 3,322 478 145 373 301

1965 5,208 3.792 505 145 438 329

1966 5,893 4.333 536 144 509 371

1967 6,382 4,681 545 159 601 395

1968 6.888 5.038 551 176 699 423

1969 6,784 4.878 601 183 680 442

1970 6,749 4.760 633 176 702 477

1971 6.887 4.749 702 193 755 488

1972 6,885 4.699 705 194 798 490

1973 7.174 4,938 733 209 792 502

1974 6.979 4.693 711 219 850 506

1975 7.162 4,807 697 237 877 544

1976 7,283 4.906 710 240 870 557

1977 7,341 4,921 675 251 928 567

1978' 7.760 5.133 695 285 1.045 602

1979 8.315 5,570 736 300 1.140 569

(continued)
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Appendix table 5-2.
Support for academic R&D, by sector: FYs 1960-93
(page 2 of 2)

a

Total
Federal

Government
Stateilocal

government Industry
Academic
institutions

All other
sources

Millions of constant 1987 dollars2

1980 8.608 5,813 704 334 1,186 571

1981 8.801 5,875 701 375 1,290 559
1982 8.760 5,703 737 403 1,329 587
1983 9,059 5.734 718 447 1,497 662
1984 9,483 5.974 759 523 1,552 675
1985 10.271 6,429 797 594 1.715 736
1986 11,254 6,910 943 721 1,924 756
1987 12,154 7,341 1,024 790 2,168 831

1988 12,998 7,906 1,069 842 2,273 908
1989 13,878 8,310 1,141 922 2,506 998

1S90 14.502 8.550 1,188 1.006 2.677 1,081

1991 15.086 8.751 1,268 1,041 2,884 1,141

1992 (est.) 15,862 8.993 1,374 1,124 3.122 1,249

1993 (est.)' 16.707 9,268 1,504 1,220 3.374 1,341

Percent

1960 100.0 62.7 13.2 6.2 9.9 8.0

1961 100.0 65.5 12.5 5.2 9.2 7.6

1962 100.0 67.8 11.7 4.4 8.7 7.3

1963 100.0 70.3 10.9 3.8 8.2 6.8
1964 100.0 '1.9 10.4 3.1 8.1 6.5
1965 100.0 72.8 9.7 2.8 8.4 6.3

1966 100.0 73.5 9.1 2.4 8.6 6.3

1967 100.0 73.3 8.5 2.5 9.4 6.2
1968 100.0 73.2 8.0 2.6 10.1 6.1

1969 100.0 71.9 8.9 2.7 10.0 6.5

1970 100.0 70.5 9.4 2.6 10.4 7.1

1971 100.0 69.0 10.2 2.8 11.0 7.1

1972 100.0 68.3 10.2 2.8 11.6 7.1

1973 100.0 68.8 10.2 2.9 11.0 7.0

1974 100.0 67.2 10.2 3.1 12.2 7.2

1975 100.0 67.1 9.7 3.3 12.2 7.6

1976 100.0 67.4 9.7 3.3 11.9 7.6

1977 100.0 67.0 9.2 3.4 12.6 7.7

1978' 100.0 66.1 9.0 3.7 13.5 7.8

1979 100.0 67.0 8.8 3.6 13.7 6.8

1980 100.0 67.5 8.2 3.9 13.8 6.6

1381 100.0 66.8 8.0 4.3 14.7 6.4

1982 100.0 65.1 8.4 4.6 15.2 6.7

1983 100.0 63.3 7.9 4.9 16.5 7.3

1984 100.0 63.0 8.0 5.5 16.4 7.1

1985 100.0 62.6 7.8 5.8 16.7 7.2

1986 100.0 61.4 8.4 6.4 17.1 6.7

1987 100.0 60.4 8.4 6.5 17.8 6.8

1988 100.0 60.8 8.2 6.5 17.5 7.0

1989 100.0 59.9 8.2 6.6 18.1 7.2

1990 100.0 59.0 8.2 6.9 18.5 7.5

1991 100.0 58.0 8.4 6.9 19.1 7.6

1992 (est.)i 100.0 56.7 8.7 7.1 19.7 7.9

1993 (est.)' 100.0 55.5 9.0 7.3 20.2 8.0

'Relative amounts of funds from state and local governments and from academic institutions are estimated from previous years ratio

See appendix table 4-1 for GDP implicit price deflators used to convert current dollars to constant 1987 dollars.

SOURCES Science Resources Studies Division (SRS). National Science Foundation. Academic Science and Engineering. R&D Expenditures Fiscal Year 1991,
Detailed Statistical Tables. NSF 93-308 (Washington. DC. NSF. 1993): and SRS. annual series.
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Appendix table 5-3.
Sources of R&D funds at private and public institutions, by sector: 1981 and 1991

Appendix A: Appendix Tables
_ . _

Year and
institution type Total

Federal
Government

Statedocal
government Industry

Academic
institutions

Other
sources

Millions of dollars

1981
Private 2.458 1,941 47 111 183 176

Public 4,389 2,630 499 180 821 259

1991
Private 5,845 4,177 144 417 576 531

Public 11,776 6.044 1,339 799 2,792 802

Percent
1981
Private 100.0 79.0 1.9 4.5 7.4 7.1

Public 100.0 59.9 11.4 4.1 18.7 5.9

1991
Private 100.0 71.5 2.5 7.1 9.9 9.1

Public 100.0 51.3 11.4 6.8 23.7 6.8

SOURCES: Science Resources Studies Division (SRS), National Science Foundation. Academic Science and Engineering: R&D Expenditures: Fiscal Year 1991.
Detailed Statistical Tables. NSF 93-308 (Washington. DC. NSF, 1993); and SRS annual series.
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Appencitx table 5-4.
R&D expenditures at the top 100 academic instituticns, by source of funds: 1991
(page 1 of 2)

Rank and academic institution
Institution

type Total
Federal

Government
State 'local

government Industry
Academic
institutions

All other
sources

Millions of dollars

Total, ail institutions 17.181 9.791 1.483 1,216 3.359 1.333

1 University of Michigan-all campuses Public 364 206 3 31 94 29

2 University of Minnesota-all campuses . Public 331 165 54 19 61 33

3 University of Wisconsin-Madison . . . Public 326 184 57 13 47 26

4 Massachusetts Institute of Technology Private 319 238 3 46 9 23

5 Stanford University Private 310 242 1 12 37 18

6 Cornell University-all campuses Private 310 173 41 17 55 23

7 Texas A & M University-all campuses Public 288 98 78 23 78 11

8 University of Washington Public 274 221 6 26 18 4

9 Johns Hopkins University Private 271 212 1 15 19 24

10 University of California-San Francisco Public 269 191 13 5 33 26

Total, 1st 10 institutions 3.062 1.930 257 207 451 218

11 Pennsylvania State Univ.-all campuses Public 268 146 9 38 75

12 University of California-San Diego Public 261 200 8 11 23 18

13 University of California-Berkeley Public 258 140 24 12 66 16

14 University of California-Los Angeles Public 250 168 5 9 36 32

15 Univ. of Illinois at Urbana-Champaign Public 243 119 34 24 58 8

16 University of Texas-Austin Public 237 113 9 6 75 34

17 Harvard University Private 230 156 12 19 43

18 University of Ar.zona Public 214 102 6 12 79 15

19 University of Maryland-College Park . . Public 206 78 60 12 56 0

20 University of California-Davis . . . . Public 201 80 12 7 88 13

Total, 1st 20 institutions 5.431 3.232 424 349 1.028 398

21 University of Pennsylvania Private 198 144 4 7 16 27

22 Ohio State University-all campuses Public 195 89 33 15 27 32

23 Columbia University-main campus Private 195 164 3 7 5 16

24 Yale University Private 194 150 1 9 15 20

25 Georgia Inst. of Technology-all campuses . . Public 177 101 2 22 51 0

26 University of Southern California ..... Private 176 132 6 14 23 0

27 Duke University Private 164 115 2 23 13 12

28 University of Georgia Public 163 45 38 6 73 1

29 University of Colorado-all campuses Public 162 119 2 8 16 16

30 Baylor College of Medicine Private 161 79 4 7 21 50

Total, 1st 30 institutions 7.215 4.370 518 467 1.288 572

31 Washington University Private 160 112 4 16 13 15

32 Louisiana State University-all campuses Public 151 57 56 8 23 7

33 Rutgers State Univ. of NJ-all campuses . . . Public 151 49 25 8 61 9

34 Northwestern University Private 145 63 3 7 56 17

35 University of North Carolina-Chapel Hill Public 143 103 18 4 17 0

36 North Carolina State University-Raleigh Public 143 47 50 21 20 5

37 University of Florida Public 140 67 12 13 42 6

38 Purdue University-all campuses Public 136 68 18 12 32 7

39 Iowa State University Public 135 43 31 7 49 5

40 Michigan State University Public 133 62 25 5 32 10

Total, 1st 40 institutions. . . . 8.653 5.040 761 568 1.632 652

41 University of Rochester Private 132 107 7 7 1 10

42 University of Pittsburgh-all campuses . . . Public 130 100 1 7 9 13

43 University of Tennessee Central Office . . Public 128 64 25 9 24 7

44 Virginia Polytechnic Inst. & State Univ. . Public 125 48 39 12 22 4

45 University of Iowa Public 124 81 3 8 25 7

46 University of Massachusetts-all campuses. . . Public 120 68 7 10 29 5

47 University of Connecticut-all campuses . . Public 120 46 5 7 53 8

48 University of Chicago. . . Private 117 94 2 1 10 10

49 California Institute of Technology Private 116 101 3 7 5

50 SUNY at Buffalo-all campuses Public 113 69 4 3 21 16

Total, 1st 50 institutions. . 9.878 5.817 854 636 1.834 737

(continued)



392 Appendix A. Appendix Tables

Appendix table 5-4.
R&D expenditures at the top 100 academic institutions, by source of funds: 1991
(page 2 of 2)

Rank and academic institution
Institution

type Total
Federal

Government
State local
government Industry

Academic
institutions

All other
sources

Millions of dollars
51 University ol Alabama Bir mingham Public 113 76 3 8 11 15
52 New Yoik University . Private 112 82 1 6 9 14
53 Univ of Texas MD Ahderson Cancer Center . Public 109 32 0 0 56 21

54 Case Western Reserve University . . . Private 104 76 3 5 9 11

55 Carnegie Mellon University .... Private 103 65 6 20 2 9
56 Indiana University all campuses . . Public 102 62 1 2 27 10
57 University ol Miami . . Private 97 70 2 7 4 14

58 Unive:sity of Missouri-Columbia Public 97 27 13 10 42 5
59 University of Virginia-all campuses Public 97 61 i 8 10 11

60 01 egon State University Public 96 51 24 4 8 9
Total, 1st 60 institutions. . 10,909 6 420 914 705 2.013 857

61 University of Utah . . . Public 95 69 3 3 16 4
62 U of Texas Southwestern Med Ctr Dallas Public 95 58 o 6 21

63 Utah State University . Public 94 62 13 2 15 2

64 Princeton University Private 92 52 2 5 25 9
65 Emory University. . Private 92 61 3 7 14 7

66 SUNY at Stony Brook-all campuses Public 91 59 2 3 21 6
67 University ot Illinois-Chicago Public 91 43 4 5 29 10

68 U. of Maryland Baltimore Prof. Schools Public 90 44 16 12 11 7

69 University of Nebraska-Lincoln Public 88 27 33 3 22 2
70 Yeshiva University Private 87 68 0 2 11 6

Total, 1st 70 institutions 11.822 6.963 990 755 2.182 932

71 University of California-Irvine . . . Public 83 53 3 4 13 9

72 University of Kentucky-all campuses . Public 81 32 6 7 31 5

73 Vanderbilt Un:versity Private 81 71 2 3 5
74 University of Cincinnati-all campuses Pubhc 81 47 3 4 18 8
75 Colorado State University Public 80 56 10 3 8 4
76 University of Oklahoma-all campuses . . Public 80 26 8 4 30 12

77 New Mexico State University-all campuses Public 79 58 9 5 7 1

78 University of Hawaii-Manoa . . . . . . . Public 78 45 27 1 3 2

79 Woods Hole Oceanographic Institution Private 77 67 1 1 2 6
80 Washington State University . . Public 75 32 5 2 28 8
Total, 1st 80 institutions. . . 12.616 7.449 1,062 789 2.325 992

81 Boston University Private 75 60 6 0 8

82 Rockefeller University . . . . . Private 74 37 5 16 16
83 U. of Medicine 8, Dentistry of New Jersey . . Public 73 39 3 3 16 6
84 University of South Florida . . Public 73 24 5 6 32 6
85 Tulane University of Louisiana . Private 72 37 2 7 20 7

86 Clemson University Public 70 17 15 6 29 3

87 Wayne State University . . . Public 70 31 6 7 21 6

88 Auburn University-all campuses . Public 70 15 22 6 21 5

89 Oklahoma State University-all campuses. Public 67 16 5 2 43 1

90 Univ. of Alaska Fairbanks-all campuses . Public 67 34 2 2 28 1

Total, 1st 90 institutions. 13.328 7 757 1 127 840 2.552 1.051

91 University of New Mexico-all campuses Public 67 30 5 5 17 11

92 Mount Sinai School of Medicine . Private 66 42 1 4 7 12

93 Uruversity of Kansas-all campuses Public 66 26 2 4 31 2

94 Virginia Commonwealth University . Public 66 45 2 6 10 2

95 Mississippi State University . . Public 64 26 21 7 7 4

96 Arizona State University. . . Public 63 26 1 ,' 28 1

97 Georgetown University Private 60 42 5 9 5
98 University of California-Santa Barbara Public 60 47 1 2 6 4

99 University of California-Riverside . Public 57 16 3 1 34 3

100 Univ. of South Carolina all campuses Public 55 23 2 8 21 2

Total, 1st 100 institutions . . . . 13.954 8 080 1 165 889 2.722 1.097

less than $1 million

Thee figures exclude the Applied Physics Laboratui y ,APL, a: Johns Hopkins University. which is similar to a federally funded research and development center and
dominates the R&D performed at the university In 1991 APL had total R&D expendrturps of $439 million ci which $430 million was provided by federal sources

SOURCES Science Resources Studies Division 'SIRS) National Science Foundation Academic Science dnri Engineering R&D Expenditures Fiscal Year 1991
Detailed Stal,stical Tables NSF 93 308 'Washington DC NSF 19931 and SRS unpublished tabulations
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Appendix table 5-6.
Federal and nonfederal R&D expenditures at academic institutions, by field and source of funds: 1991

Field Total Federal Nonfederal' Federal Nonfederal'

Thousands
of dollars Percent Thousands of dollars Percent

Total science and engineering 17,620.209 100.0 10,220,506 7,399,703 58.0 42.0

Total sciences 14,727,459 83.6 8,589,561 6.137.898 58.3 41.7

Physical sciences 1,936,857 11.0 1.378,592 558,265 71.2 28.8

Astronomy 210,148 1.2 135,362 74,786 64.4 35.6

Chemistry 669,998 3.8 449,644 220,354 67.1 32.9

Physics 883,038 5.0 677,582 205,456 76.7 23.3

Other 173.673 1.0 116,004 57,669 66.8 33.2

Mathematical sciences 229,495 1.3 169.147 60,348 73.7 26.3

Computer sciences 544,464 3.1 366,009 178,455 67.2 32.8

Environmental sciences 1,119,905 6.4 704,409 415,496 62.9 37.1

Atmospheric sciences 176,447 1.0 132,217 44,230 74.9 25.1

Earth sciences 380,034 2.2 215,982 164.052 56.8 43.2

Oceanography 396,403 2.2 267,903 128.500 67.6 32 4

Other 167.021 0.9 88,307 78,714 52.9 47.1

Life sciences 9,492,902 53.9 5,402,408 4.090,494 56.9 43.1

Agricultural sciences 1.463,848 8.3 379,108 1.084.740 25.9 74.1

Biological sciences 3,056,719 17.3 1,950,905 1.105,814 63.8 36.2

Medical sciences 4,569.054 25.9 2,830,739 1,738,315 62.0 38.0

Other 403.281 2.3 241,656 161,625 59.9 40.1

Psychology 293,440 1.7 194,267 99.173 66.2 33.8

Social sciences 745,988 4.2 247,188 498,800 33.1 66.9

Economics 210.296 1.2 58,800 151,496 28.0 72.0

Political science 121,465 0.7 28,800 92.665 23.7 76.3

Sociology 157,806 0.9 71,615 86,191 45.4 54.6

Other 256,421 1.5 87,973 168.448 34.3 65.7

Other sciences 364.408 2.1 127,541 236,867 35.0 65.0

Engineering 2,892,750 16.4 1,630,945 1,261.805 56.4 43.6

AeronauticaLtastronautical 174.321 1.0 131.708 42.613 75.6 24.4

Chemical 238.553 1.4 114,310 124,243 47.9 52.1

Civil 315,134 1.8 122,874 192,260 39.0 61.0

Electrical 'electronic 682,213 3.9 437,494 244,719 64.1 35.9

Mechanical 415,071 2.4 243,182 171,889 58.6 41.4

Other 1,067.458 6.1 581,377 486,081 54.5 45.5

'See appendix table 5-2 for detail on nonfederal sources.

SOURCES Science Resources Studies Division (SRS). National Science Foundation. Academic Science and Engineering: R&D Expenditures: Fiscal Year 1991.
Detailed Statistical Tables. NSF 93-308 (Washington. DC: NSF. 19931. and SRS, unpublished tabulations.
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Appendix table 5-7.
Expenditures for academic R&D, by field: 1981-91
(page 1 of 2)

Field 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991

Millions of current dollars

Total S&E 6.847 7.323 7.881 8,620 9,686 10,928 12,154 13.466 15.016 16,344 17,620

Total sciences . 5,880 6,295 6,759 7.388 8,268 9,287 10.261 11,369 12.617 13,682 14,727

Physical sciences 766 824 901 1,001 1,149 1,287 1,391 1,546 1,638 1,796 1.937

Astronomy 67 73 73 80 96 102 108 127 137 170 210

Chemistry 285 308 335 372 421 470 514 565 608 650 670

Physics 358 367 418 474 551 631 667 732 775 832 883

Other 56 75 74 74 80 85 103 122 119 145 174

Mathematical sciences 87 96 106 123 128 152 177 199 214 2 0 229

Computer sciences 144 164 186 224 281 321 372 409 472 5t 1 544

Environmental sciences . . 550 558 617 645 705 775 835 889 1,009 1,073 1,120

Atmospheric sciences . . 87 86 98 102 108 120 128 134 167 173 176

Earth sciences 190 195 216 228 254 274 284 294 323 354 380

Oceanography 192 198 224 237 258 280 300 333 365 383 396

Other 81 78 79 79 85 101 122 128 155 162 167

Life sciences 3,695 4,013 4,303 4.711 5.278 5.890 6,527 7.256 8,079 8,762 9,493

Agricultural sciences 790 864 921 954 999 1,089 1.121 1,176 1,286 1.356 1,464

Biological sciences 1,189 1.286 1.419 1,573 1,780 1,945 2,142 2,397 2,638 2.855 3.057

Medical sciences 1,605 1.739 1,830 2.034 2.318 2.616 3.000 3.378 3.828 4.182 4,569

Other 111 123 132 150 181 240 264 304 327 370 403

Psychology 127 131 136 145 158 170 188 213 237 258 293

Social sciences 367 354 345 359 383 463 503 553 637 702 746

Economics 99 95 98 109 118 136 150 163 188 202 210

Political science 55 60 55 56 59 69 81 87 104 112 121

Sociology 95 80 78 71 76 97 97 110 122 134 158

Other 117 118 114 123 130 161 175 192 223 254 256

Other sciences 145 156 165 180 186 228 269 304 331 360 364

Engineering 967 1,028 1,122 1.232 1,418 1.641 1,892 2,097 2,399 2,663 2,893

Aeronautical astronautical . . 54 62 68 70 81 94 108 123 145 159 174

Chemical 86 89 96 102 116 132 148 163 194 215 239

Civil 109 116 127 140 153 178 191 225 247 285 315

ElectricaPelectronic 193 218 262 295 337 395 451 510 600 668 682

Mechanical 141 143 149 179 208 228 275 304 344 393 415

Other 384 399 420 447 523 613 719 773 869 943 1.067
. _. . ..

(continued)
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Appendix table 5-7.
Expenditures for academic R&D, by field: 1981-91
(page 2 of 2)

Field 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991

Millions of constant 1987 dollars1
Total S&E 8,800 8,760 9,059 9,483 10,272 11,254 12,154 12,998 13,878 14,502 15,086

Total sciences 7,557 7,530 7,769 8,127 8,768 9,564 10,261 10,974 11,661 12,140 12,609

Physical sciences 985 986 1,035 1,101 1,218 1,326 1,391 1,492 1,514 1,594 1,658

Astronomy 86 87 84 89 102 105 108 122 126 150 180

Chemistry 366 369 385 409 447 484 514 546 562 577 574

Physics 460 439 480 521 585 650 667 706 716 738 756

Other 72 90 85 82 85 87 103 118 110 129 149

Mathematical sciences 112 115 122 135 136 156 177 192 197 196 196

Computer sciences 185 196 214 247 298 331 372 394 436 452 466

Environmental sciences . . 707 668 709 710 747 798 835 858 933 952 959

Atmospheric sciences . . 112 103 113 112 114 124 128 129 154 154 151

Earth sciences 244 233 248 250 269 283 284 284 298 314 325

Oceanography 247 237 257 260 274 288 300 322 338 340 339

Other 104 94 90 87 91 104 122 123 143 144 143

Life sciences 4,749 4,800 4,946 5,183 5,597 6,066 6,527 7,004 7,467 7,775 8,127

Agricultural sciences 1,015 1,034 1,059 1,050 1,060 1,122 1,121 1,135 1,189 1,204 1,253

Biological sciences 1,528 1,539 1,631 1,730 1,887 2,003 2,142 2,314 2,438 2,533 2,617
Medical sciences 2,063 2,080 2,104 2,237 2,459 2,694 3,000 3,260 3,538 3,710 3,912

Other 142 147 152 166 192 247 264 294 303 328 345

Psychology 163 156 156 160 168 175 188 206 219 229 251

Social sciences 471 423 397 395 407 477 503 533 589 623 639

Economics 127 114 113 119 125 140 150 158 174 179 180

Political science 71 79 63 62 63 71 81 84 96 99 104

Sociology 122 96 90 78 80 100 97 106 113 119 135

Other 150 141 131 136 138 166 175 186 206 225 220

Other sciences 186 186 189 197 198 235 269 294 306 320 312

Engineering 1,243 1,230 1,290 1,355 1,504 1,690 1,892 2,024 2,217 2,363 2,477

Aeronautical/astronautical 70 75 79 77 85 97 108 119 134 141 149

Chemical 110 107 110 112 123 136 148 157 179 191 204

Civil 140 139 145 154 162 183 191 217 228 253 270

Electrical/electronic 248 261 301 325 358 407 451 492 555 592 584

Mechanical 181 171 172 197 220 235 275 293 318 348 355

Other 494 478 483 492 554 632 719 746 803 837 914

S&E = science and engineering.

'See appendix table 4-1 for GDP implicit price deflators used to convert current dollars to constant 1987 dollars.

SOURCES: Science Resources Studies Division (SRS), National Science Foundation, Academic Science and Engineenng. R&D Expenditures: Fiscal Year 1991,
Detailed Statistical Tables, NSF 93-308 (Washington, DC: NSF, 1993); and SRS, unpublished tabulations.

See figure 5-4. Science & Engineering Indicators -1993
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Appendix table 5-9.
Federal obligations for academic R&D, by agency: 1971-93
(page 1 of 2)

All
agencies

National
Institutes
of Health

National
Science

Foundation
Department
of Defense

National
Aeronautics &
Space Admin.

Department
of Energy'

Department
of Agriculture

All
other

agencies

Millions of current dollars

1971 . 1,645 603 267 211 134 94 72 264
1972 . . . 1.904 756 362 217 119 85 87 277
1973 . . 1.917 761 374 204 111 83 94 289

1974 . . 2.214 1,027 389 197 99 94 95 312
1975 .. 2.411 1.077 435 203 108 132 108 348
1976 2.552 1.185 437 240 119 145 120 307
1977 . . 2.905 1.311 511 273 118 188 140 364
1978 3,375 1.493 537 383 127 240 186 408
1979 3.889 1.765 617 438 139 260 200 470

1980 . 4,263 1,888 685 495 158 285 216 536
1981 . 4.466 1.984 702 573 171 300 243 492
1982 . 4.605 2,026 715 664 186 277 255 483
1983 4.966 2.264 783 724 189 297 275 434
1984 . 5,547 2.560 880 830 204 321 261 491

1985 6.340 2.974 1.002 940 237 357 293 536
1986 6.559 3.044 992 1,098 254 345 274 553

1987 .... 7.337 3.638 1,096 1.017 294 386 280 626
1988 7,828 3.886 1.143 1.071 338 406 305 678
1989 8.672 4.157 1.254 1,189 434 454 328 858

1990 9.142 4.305 1.321 1.213 471 500 348 984
1991 . . . 10,169 4.662 1.436 1.152 534 621 336 1,379

1992 (est.). . . 11.298 4,922 1,574 1.599 632 640 424 1.507

1993 ;est.). 11.764 5.181 1.838 1.558 675 576 416 1,519

Millions of constant 1987 dollars'

1971 . . 4.531 1.662 734 581 369 259 198 727

1972 . . 4,983 1,979 949 567 312 221 229 726
1973 .. 4.768 1,893 932 507 277 206 234 719
1974 5.113 2.372 899 456 228 217 219 722

1975 . . 5.066 2,262 914 427 227 277 227 732
1976 4.984 2.314 853 470 232 283 234 599
1977 5.245 2.367 922 493 212 340 253 657
1978 . . 5.662 2.505 901 643 213 403 313 684
1979 6.011 2.728 953 677 214 402 309 727

1980 6,039 2.674 970 702 223 404 307 759
1981 . . 5.740 2.551 902 736 220 386 312 632

1982 5.509 2.423 855 794 222 331 305 578

1983 . . 5.709 2,602 900 832 218 341 316 499
1984 . . 6.102 2.816 968 913 224 353 287 540
1985 . 6.723 3.154 1.062 997 252 379 311 568

1986 6.755 3.135 1.021 1.131 262 355 282 570
1987 . 7.337 3.638 1.096 1.017 294 386 280 626
1988 . 7,556 3.751 1.104 1.034 326 392 294 655

1989 . . 8.015 3.842 1 159 1.099 401 419 303 793

1990 8.112 3.820 1.172 1.076 418 444 309 873

1991 . . 8.706 3,992 1.229 986 457 531 330 1.180

1992 (est I 9.407 4.098 1.311 1.331 526 533 353 1.255

1993 (est.). 9.564 4.212 1.494 1.267 549 468 338 1,235

(continued)
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Appendix table 5-9.
Federal obligations for academic R&D, by agency: 1971-93
(page 2 of 2)

All
agencies

National
Institutes
of Health

National
Science

Foundation

National
Department Aeronautics &
of Defense Space Admin.

Department
of Energy

Department
of Agriculture

All
other

agencies

Percent

1971 100.0 36.7 16.2 12.8 8.2 5.7 4.4 16.0

1972 100.0 39.7 19.0 11.4 6.3 4.4 4.6 14.6

1973. 100.0 39.7 19.5 10.6 5.8 4.3 4.9 15.1

1974 100.0 46.4 17.6 8.9 4.5 4.2 4.3 14.1

1975 100.0 44.6 18.0 8.4 4.5 5.5 4.5 14.4

1976 100.0 46.4 17.1 9.4 4.7 5.7 4.7 12.0

1977 100.0 45.1 17.6 9.4 4.0 6.5 4.8 12.5

1978 100.0 44.2 15.9 11.4 3.8 7.1 5.5 12.1

1979 100.0 45.4 15.9 11.3 3.6 6.7 5.1 12.1

1980. 100.0 44.3 16.1 11.6 3.7 6.7 5.1 12.6

1981. 100.0 44.4 15.7 12.8 3.8 6.7 5.4 11.0

1982 100.0 44.0 15.5 14.4 4.0 6.0 5.5 10.5

1983 100.0 45.6 15.8 14.6 3.8 6.0 5.5 8.7

1984 100.0 46.2 15.9 15.0 3.7 5.8 4.7 8.8

1985 100.0 46.9 15.8 14.8 3.7 5.6 4.6 8.5

1986 100.0 46.4 15.1 16.7 3.9 5.3 4.2 8.4.0

1987 100.0 49.6 14.9 13.9 4.0 5.3 3.8 8.5

1988 100.0 49.6 14.6 13.7 4.3 5.2 3.9 8.7

1989 100.0 47.9 14.5 13.7 5.0 5.2 3.8 9.9

1990 100.0 47.1 14.4 13.3 5.2 5.5 3.8 10.8

1991 100.0 45.9 14.1 11.3 5.2 6.1 3.8 13.6

1992 (est ) 100.0 43.6 13.9 14.1 5.6 5.7 3.8 13.3

1993 (est ) 100.0 44.0 15.6 13.2 5.7 4.9 3.5 12.9

NOTE Percentages may not total 100 because of rounding.

'Data for 1971-73 are for the Atomic Energy Commission: for 1974-76. the Energy Research and Development Admimstration: and for 1977-93. the Department of

Energy.

See appendix table 4-1 for GDP implicit price deflators used to convert current dollars to constant 1987 dollars.

SOURCES: Science Resources Studies Division (SRS1, National Science Foundation. Federal Funds tor Research and Development. Fiscai Years 1991. 1992. and

1993 (Washington. DC: NSF. 1993): and SRS. annual series.
Science & E'pneering Indicators -1993
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Appendix table 5-10.
Number of academic Institutions receiving federal R&D support, by field: 1971,1981, and 1991

All Carnegie institutions'
Research & doctoral

institutions
All other

Carnegie institutions

Field 1971 1981 1991 1971 1981 1991 1971 1981 1991

Total science & engineering . 565 618 759 207 203 204 358 415 555

Physical sciences 279 322 414 178 181 189 101 141 225
Mathematical sciences 159 180 282 140 144 164 19 36 118
Computer sciences2 NA 117 240 NA 102 181 NA 15 59
Environmental sciences. 192 246 319 137 152 174 55 94 145
Life sciences 378 454 514 191 192 195 187 262 319
Psychology 304 222 231 171 148 153 133 74 78
Social science 330 322 301 172 166 161 158 156 140
Engineering 232 256 313 154 169 180 78 87 133

NA = not available

NOTES: Since 1989. the Department of Defense (DOD) no longer provides detailed R&D funding information by science held. Therefore 1991 data cited here do not
reflect those institutions that received federal R&D funding in a particular field only from DOD. Details do not add to totals because institutions may receive grants in
more than one held.

'See chapter 2, "Classification of Academic Institutions." for information on the institutional categories used by the Carnegie Foundation for the Advancement of
Teaching.

'Data on computer sciences were not separately reported in 1971.

SOURCES' Science Resources Studies Division tSRS). National Science Foundation. Federal Support to Universities Colleges and Nonprofit Institutions Fiscal
Year 1990. Detailed Statistical Tables, NSF 92-324 (Washington. DC: NSF. 19921; and SRS unpublished tabulations.

See figure 5-5 Science & Engineering Indicators -1993

Appendix table 5-11.
Cost of new academic R&D construction, by field: 1986-93

Field
1986-87
actual

Total cost

1986-89 1990-91
actual actual

1992-93
planned

1986-87
actual

Millions of dollars

Total, all fields 2051. 2.464 2.976 3.214 207

Physical sciences 182 401 430 282 228
Mathematical sciences 2 8 12 4 222
Computer sciences 61 65 40 120 257
Environmental sciences 57 82 170 110 150
Agricultural sciences 150 152 175 199 99
Biological sciences 463 577 832 780 271
Medical sciences 505 647 807 996 259
Psychology 23 25 r

j 36
5 0 174

Social sciences . . 38 48 I 115 188
Other sciences . . . 139 70 79 87 231
Engineering 430 388 395 471 180

Cost per square foot

1988-89 1990-91 1992-93
actual actual planned

Dollars

231 260 259

201 267 392
320 261 154
227 137 268
253 321 139
133 183 169
255 297 277
287 273 260
21 7 32 7

1 220
146 276
167 208 279
260 233 273

NOTES Data for 2 years are combinede.g.. 1988-89 refers to 2 fiscal years. In the 1990-91 period, data were net differentiated between psychology and the social
sciences.

'Project cost estimates are prorated to refleci R&D component only.

SOURCE' Science Resources Studies Division. National Science Foundation. Scientific and Engineering Research Facihties at Universities and Coitogiss 199,'. NSF
92-325 (Washington. DC' NSF. 19931
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Appendix table 5-16.
Academic employment and R&D activity of doctoral scientists and engineers, by field, race/ethnicity, and sex:
1979, 1981, 1989, and 1991
(page 1 of 3)

Field and racerethnicity 1979

Total employment

1981 1989 1991

Total with responsibility for R&D

1979 1981 1989 1991

Total

Total science & engineering
White. 127.249 136.984 162.105 153,493 82.595 87,526 122,792 114.882

Asian . 4.604 6.340 9.768 15.132 3.630 4,977 8,572 13.105

Black . 1.263 1.689 2.579 4,223 707 717 1.543 2,770

Hispanic 1,453 1,596 2.453 3.838 931 1.049 2,030 3.038

Native American . . 243 217 365 348 176 156 242 948

Physical sciences
White 18,664 19,218 20.146 18,593 12,430 12.690 15.447 13.779

Asian 834 1,101 1.212 2.205 598 790 987 1,894

Black 122 146 251 381 90 194 196

Hispanic 220 275 302 513 157 200 247 348

Native American . 78

Mathematics
White 9,665 9,456 10.117 10.531 5,481 5,448 7,141 7,286

Asian 325 617 795 1,257 252 372 607 1.051

Black . 108 131 121 155 51 52 69 104

Hispanic 105 142 112 372 71 85 86 287

Native American
Computer sciences

White. 1.837 2.352 4.390 4,999 1.193 1,461 2.951 3,353

Asian 106 124 290 863 96 112 199 733

Black 57 50

Hispanic 96 62 91

Native American
Environmental sciences
White. . . . ..... 4.666 5.321 6.018 6,171 3,569 4,029 5.368 5,422

Asian 79 223 235 54 204 215

Black .
Hispanic. . . 58 128 184 110 162

Native American
Life sciences
White. . . . 41.791 45.177 56.792 54.151 30.861 33.624 46,278 43.770

Asian 1,610 2.463 3.598 5.056 1,444 2.193 3,195 4.559

Black 477 571 797 1.310 315 322 566 989

Hispanic. . . . ...... 473 565 898 1,072 396 436 810 932

Native American 56 79 93 67 71

Psychology
White . . 14.631 16.034 18,589 16.390 7.322 8.142 10.867 9.816

Asian . . 133 225 317 390 54 160 217 268

Black . . . . 219 318 519 726 86 99 216 380

Hispanic . . 99 159 311 321 65 81 172 163

Native American
Social sciences
White. . . 24,476 26.600 30.297 27.639 13.207 14,345 22.365 19,340

Asian 609 787 1,247 1.862 247 515 1.124 1,546

Black 307 447 788 1,360 157 169 444 859

Hispanic . 215 204 393 811 123 114 331 675

Native American . 96 68 132 129 59 81 97

Engineering
White. 11.519 12.826 15.756 15.019 8.532 7.787 12.375 12.116

Asian 951 944 2,086 3.264 906 781 2.039 2.839

Black . . 63 72 227 185

Hispanic . 273 168 213 503 84 93 183 425

Native American

(continued)
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Appendix table 5-16.
Academic employment and R&D activity of doctoral scientists and engineers, by field, race/ethnicity, and sex:
1979, 1981, 1989, and 1991
(page 2 of 3)

Field and race/ethnicity 1979

Total employment

1981 1989 1991 1979

Total with responsibility for R&D

1981 1989 1991

Men

Total science & engineering
White 111.819 119,131 132.728 122,741 73,583 76,633 101,602 93.316

Asian 4,036 5,494 8.217 12,634 3,242 4,342 7,256 11.100

Black 912 1,189 1,665 2,846 533 472 1,013 1.834

Hispanic 1.273 1,384 1,844 3,025 812 913 1,567 2,422

Native American 225 201 298 268 159 141 191 202

Physical sciences
White 17,493 17.871 18,360 16,990 11,790 11,898 14.196 12,803

Asian 723 974 1,032 1,860 530 706 853 1,651

Black 112 135 227 331 82 172 158

Hispanic 205 256 258 455 150 195 213 306

Native American 78

Mathematics
White 9,003 8,725 9,177 9,565 5,165 5.087 6,628 6.648

Asian 267 559 680 1,065 219 347 522 916

Black 99 116 99 124 50 50 58 85

Hispanic 102 134 103 335 70 81 79 254

Native American
Computer sciences

White 1,737 2,197 3,978 4,427 1,131 1,372 2,641 2,953

Asian 101 117 270 755 91 108 181 676

Black *

Hispanic 89 62 89

Native American
Environmental sciences
White 4.421 5,024 5,412 5,488 3,398 3.804 4.823 4.812

Asian 75 199 206 50 180 186

Black
Hispanic 51 118 177 103 155

Native American
Life sciences
White 35,395 37,915 43.689 39,945 26,342 28.305 35,970 33,041

Asian '1,345 2,001 2,729 3.740 1,240 1,790 2,398 3.367

Black 295 369 433 841 218 209 337 657

Hispanic 398 479 664 731 337 375 613 649

Native American 54 51

Psychology
White 11.398 12.041 12.465 10,167 5,796 6,235 7.368 6.326

Asian 84 123 170 236 100 105 196

Black 144 169 241 330 52 80 111

Hispanic ............ 50 120 165 180 62 96 112

Native American
Social sciences
White 20.935 22,642 24,323 21,675 11.493 12,231 17,990 15,106

Asian 543 712 1,095 1.577 204 469 1.015 1,338

Black 233 332 573 969 123 108 317 621

Hispanic 177 153 245 618 94 76 202 511

Native American . 96 68 116 105 59 68 73

Engineering
White 11,437 12.716 15,324 14.484 8.468 7.701 11.986 11.627

Asian . 941 933 2.042 3,195 896 772 2.002 2.770

Black 63 65 202 160

Hispanic 273 166 202 467 84 91 _ 172 389

Native American . . .

(continued)
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Appendix table 5-16.
Academic employment and R&D activity of doctoral scientists and engineers, by field, race/ethnicity, and sex:
1979, 1981, 1989, and 1991
(page 3 of 3)

Field and race/ethnicity 1979

Total employment

1981 1989 1991 1979

Total with responsibility for R&D

1981 1989 1991

Women

Total science & engineering
White 15,430 17,853 29,377 30,752 9,012 10,893 21,190 21,566
Asian 568 846 1,551 2,498 388 635 1,316 2,005
Black 351 500 914 1,377 174 245 530 936
Hispanic 180 212 609 813 119 136 463 616

Native American * 67 80 51

Physical sciences
White 1,171 1,347 1,786 1,603 640 792 1,251 976
Asian 111 127 180 345 68 84 134 243
Black 50
Hispanic 58

Native American
Mathematics
White 662 731 940 966 316 361 513 638

Asian 58 58 115 192 85 135

Black
Hispanic

.

Native American
Computer sciences

White 100 155 412 572 62 89 310 400

Asian 108 57

Black '
Hispanic
Native American

Environmental sciences
White 245 297 606 683 171 225 545 610

Asian
Black
Hispanic
Native American

Life sciences
White 6,396 7,262 13,103 14,206 4,519 5,319 10,308 10,729

Asian 265 462 869 1,316 204 403 797 1,192

Black 182 202 364 469 97 113 229 332

Hispanic 75 86 234 341 59 61 197 283

Native American '
Psychology
White 3.233 3,993 6,124 6,223 1,526 1.907 3.499 3,490

Asian 102 147 154 60 112 72

Black 75 149 278 396 55 136 269

Hispanic 146 141 76 51

Native American
Social sciences

White 3.541 3,958 5,974 5,964 1,714 2.114 4,375 4.234

Asian 66 75 152 285 109 208

Black 74 115 215 391 61 127 238

Hispanic 51 148 193 129 164

Native American
Engineering
White. . . . ............. 82 110 432 535 64 86 389 489

Asian . . . . . 69 69

Black
Hispanic
Native American

= too few cases in survey to estimate population values

NOTES: Details cannot be aggregated to totals because of small sample sizes Data reflect the composition of survey respondents whose field of employment.
race.'ethnicity, sex, and primary and secondary work responsibilities are known. Data are weighted estimates from sample surveys.Small numbers are sublect to
especially large variability and may not accurately reflect population patterns.

SOURCE. Science Resources Studies Division. National Science Foundation (NSF). Characteristics of Doctoral Scientists and Engineers 1991 (Washington. DC
NSF. forthcoming). and NSF. unpublished tabulations

See text table 5-5 5 23 Science & Engineering Indicators 1993
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..
Appedtx table 5-18.
Full-time graduate students in science and engineering supported by research assistantships,
by support source and field: 1979-91
(page 1 of 3)

Full-time graduate students
_

Total
Total

with RAs
Federal

RAs
Nonfederal

RAs
Total

with RAs
Federal

RAs
Nonfederal

RAs

Number Percent

Total science and engineering

1979 232,376 48,999 28.016 20,983 21.1 12.1 9.0
1980 238.868 51.594 29.329 22.265 21.6 12.3 9.3
1981. . 242.777 52.752 29.149 23,603 21.7 12.0 9.7
1982 245.378 52.563 28.293 24.270 21.4 11.5 9.9
1983 252,846 54,923 29,144 25.779 21.7 11.5 10.2
1984 254.735 57.771 29,457 28.314 22.7 11.6 11.1

1985. 258.241 61,040 30.432 30,608 23.6 11.8 11.9
1986 267 075 66,071 32.747 33,324 24.7 12.3 12.5
1987 271.772 70.221 34,966 35,255 25.8 12.9 13.0
1988 276.225 74,568 36.741 37.827 27.0 13.3 13.7
1989 283.849 79,116 38,552 40,564 27.9 13.6 14.3

1990 . 288.981 79,595 38.022 41,573 27.5 13.2 14.4
1991. 308,669 84,901 40.609 44,292 27.5 13.2 14.3

Physical sciences

1979 22,535 7,806 6.512 1,294 34.6 28.9 5.7
1980. 22.918 8,340 6.980 1,360 36.4 30.5 5.9
1981 23.308 8,607 7,271 1,336 36.9 31.2 5.7
1982 24.038 8.768 7.095 1,673 36.5 29.5 7.0
1983 25,205 9.145 7,471 1,674 36.3 29.6 6.6
1984 25.852 9,628 7.807 1.821 37.2 30.2 7.0
1985. . . 26.669 10,284 8,065 2.219 38.6 30.2 8.3
1986 . 27.764 10.994 8.665 2.329 39.6 31.2 8.4
1987. 28.414 11.558 8.873 2,685 40.7 31.2 9.4
1988. . 28,574 12.056 8.968 3,088 42.2 31.4 10.8
1989 29.207 12.426 9.145 3.281 42.5 31.3 11.2
1990. 29.042 11,972 8,725 3.247 41.2 30.0 11.2

1991. 30.131 12,223 8.881 3,342 40.6 29.5 11.1

Mathematics/computer sciences

1979. . . 15.520 1.642 1.005 637 10.6 6.5 4.1

1980 16.489 1.820 1.099 721 11.0 6.7 4.4
1981 17.599 1.858 1.055 803 10.6 6.0 4.6
1982 19.985 2.036 1.140 896 10.2 5.7 4.5
1983 21,644 2.206 1.193 1,013 10.2 5.5 4.7
1984. 22.898 2.507 1.382 1.125 10.9 6.0 4.9
1985. 25.919 3.074 1.551 1.523 11.9 6.0 5.9
1986. 27.700 3.392 1,686 1,706 12.2 6.1 6.2
1987. 28.616 3.948 2.142 1.806 13.8 7.5 6.3
1988. 28.907 4.273 2.312 1.961 14.8 8.0 6.8
1989. 29.492 4.643 2.445 2.198 15.7 8.3 7.5

1990 30.693 4.673 2,398 2.275 15.2 7.8 7.4

1991, 30.811 4.897 2.596 2.301 15.9 8.4 7.5

(continued)
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Appendsx table 5-18
Full-time graduate students in science and engineering supported by research assistantships,
by support source and field: 1979-91
(page 2 of 3)

Full-time graduate students

Total
Total

with RAs
Federal

RAs
Nonfederal

RAs
Total

with RAs
Federal

RAs
Nonfederal

RAs

Number Percent

Environmental sciences

1979 10.724 3.587 2.706 881 33.4 25.2 8.2

1980 10.969 3.770 2.702 1,068 34.4 24.6 9.7

1981 11.038 3.469 2,402 1,067 31.4 21.8 9.7

1982 11.436 3.339 2,323 1.016 29.2 20.3 8.9

1983 12.068 3,545 2.348 1,197 29.4 19.5 9.9

1984 11,837 3,583 2.328 1,255 30.3 19.7 10.6

1985 11.458 3.728 2.410 1,318 32.5 21.0 11.5

1986 11,347 3,838 2.372 1.466 33.8 20.9 12.9

1987 10.543 3,660 2.251 1.409 34.7 21.4 13.4

1988 10.299 3.892 2.317 1,575 37.8 22.5 15.3

1989 10,143 4.169 2.482 1.687 41 1 24.5 16.6

1990 10,273 4.153 2.445 1.708 40.4 23.8 16.6

1991 10.414 4.358 2.539 1,819 41.8 24.4 17.5

Life sciences

1979 70.966 15.412 7,222 8.190 21.7 10.2 11.5

1980 71.957 15.896 7.628 8.268 22.1 10.6 11.5

1981. 71.931 16.344 7,593 8.751 22.7 10.6 12.2

1982 69.953 16,223 7.275 8.948 23.2 10.4 12.8

1983 69.696 16.496 7.260 9.236 23.7 10.4 13.3

1984 70.230 17.576 7,387 10,189 25.0 10.5 14.5

1985 69.509 17.896 7.989 9,907 25.7 11.5 14.3

1986 70,661 19.220 8.562 10.658 27.2 12.1 15.1

1987. 71.456 20.225 9.344 10.881 28.3 13.1 15.2

1988 73.039 21.582 10.042 11.540 29.5 13.7 15.8

1989 75.452 23.183 10,930 12.253 30.7 14.5 16.2

1990. . 74.936 23.403 10.902 12.501 31.2 14.5 16.7

1991 82.938 25,674 12.060 13.614 31.0 14.5 16.4

Psychology

1979 25.859 2.528 1,170 1,358 9.8 4.5 5.3

1980 26.678 2.570 942 1.628 9.6 3.5 6.1

1981. . 26.715 2.890 1.036 1.854 10.8 3.9 6.9

1982 25.812 2.723 927 1.796 10.5 3.6 7.0

1983 26.693 2.962 944 2.018 11.1 3.5 7.6

1984 26,102 3,027 962 2.065 11.6 3.7 7 9

1985 25.751 3.078 1.017 2.061 12.0 3.9 8.0

1986 26.469 3.114 1.021 2.093 11.8 3.9 7.9

1987 27,308 3.218 1.078 2.140 11.8 3.9 7.8

1988. 28.366 3.733 1.210 2.523 13.2 4.3 8.9

1989 29.608 3.866 1.278 2.588 13.1 4.3 8.7

1990 30.694 4.051 1.326 2.725 13 2 4.3 8.9

1991. . . 32.382 4.275 1.459 2.816 13.2 4.5 8.7

(continued)
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Appendix table 5-18.
Full-time graduate students in science and engineering supported by research assistantships,
by support source and field: 1979-91
(page 3 of 3)

Total

Full-time graduate students

Total Federal Nonfederal Total Federal Nonfederal
with RAs RAs RAs with RAs RAs RAs

Number Percent

Social sciences

1979 46.755 5.207 1.403 3.804 11.1 3.0 8.1

1980. . . .. 47.137 5.275 1.444 3.831 11.2 3.1 8.1

1981 46.335 5,196 1.267 3.929 11.2 2.7 8.5

1982 44.289 4.866 971 3.895 11.0 2.2 8.8

1983 43.609 5.032 933 4.099 11.5 2.1 9 4

1984 42.659 5.166 916 4.250 12.1 2.1 10.0

1985 42.997 5.080 974 4.106 11.6 2.3 9.5

1986. 42.907 5.101 885 4.216 11.9 2.1 9.8

1987 43.550 5.465 917 4.548 12.5 2.1 10.4

1988 43.853 5.580 921 4.659 12.7 2 1 10.6

1989 45,401 6.227 1.013 5.214 13 7 2.2 11.5

1990 47.651 6,257 1.073 5.184 13.1 2.3 10.9

1991 50.763 6.711 1.164 5.547 13.2 2.3 10.9

Engineering

1979 40.017 12.817 7.998 4.819 32.0 20.0 12.0

1980 42.720 13.923 8.534 5.389 32.6 20.0 12.6

1981 45.851 14,388 8.525 5.863 31.4 18 6 12.8

1982 49.865 14.608 8.562 6.046 29.3 17.2 12.1

1983 53.931 15.537 8.995 6.542 28.8 16.7 12.1

1984 55.157 16.284 8.675 7.609 29.5 15.7 13.8

1985 55.938 17.900 8.426 9.474 32 0 15 1 16.9

1986 60.227 20.412 9.556 10.856 33.9 15.9 18.0

1987 61.885 22.147 10,361 11,786 35.8 16.7 19.0

1988 . 63.187 23.452 10.971 12.481 37.1 17.4 19.8

1989 64.546 24.602 11,259 13.343 38.1 17.4 20.7

1990 65.692 25.086 11.153 13.933 38.2 17.0 21.2

1991 71.230 26.763 11.910 14.853 37.6 16.7 20 9

RA = research assistantship

SOURCE. Science Resources Stud.es Division. National Science Foundation iNSFi, Academic Sc:ence and Enoineenng GmObate Enrollment ano Support Farr
1991 NSF 93 309 tWashIngton. DC NSF. 19931: and NSF unpublished tabulations

See figure 5-11 Science 1 Engineering lockcators - 1993
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Appendix table 5-19.
Academic researchers reporting federal support, by number of years sinCe doctorate aWard and field: 1973--91
(page 1 Of 2)

All
researchers 1-3

Years since doctorate

4-7 8-10 11-15
All

16+ researchers 1-3

Years since doctorate

4-7 8-10 11-15 15+

Number Percent

All science and engineering fields

1973 43.046 8.721 10.814 5.664 6,279 11,568 53.2 50.6 52.4 52.1 55.6 55.3
1975 44,198 7.403 11,303 6,651 6.967 11.874 49.4 46.9 48.3 50.5 50.1 51.0
1977 44.474 6,829 10.701 6,942 7,718 12,284 53.0 52.9 52.1 53.6 53.9 53.1

1979 46.419 7,213 9.505 6,800 9.172 13,729 52.3 55.7 53.5 49.6 51.3 52.0
1981 48.442 7.988 9,866 6.561 9,665 14 362 51.1 59.2 53.7 49.7 49.3 47.5
1983 55.139 7,310 10,142 6.824 12.242 18.621 57.3 60.6 60.4 58.9 57.1 54.3
1985 48.181 6.029 8,244 6.061 9.797 18.050 45.8 48.1 47.3 48.8 47.2 43.0
1987 73,875 7,801 11,992 8,624 14.060 31,398 57.2 58.0 61.2 61.6 59.3 53.8
1989 80,398 9,213 12.876 9,063 14.456 34.790 59.2 64.4 64.0 63.3 62.4 54.5
1991 77,786 10.491 13.990 9,592 12,925 30,788 57.8 56.4 61.0 64.2 62.0 53.7

Physical sciences

1973 7,093 1,635 1.572 973 1,123 1,790 53.2 65.8 47.4 51.6 53.1 50.7
1975 . . 7,593 1,191 1,764 1.153 1.251 2,234 51.4 64.8 49.7 49.2 46.6 51.1

1977 7,504 1,267 1.532 1.075 1.312 2.318 54.0 67.9 55.4 49.9 51.9 50.7
1979 7,332 1,114 934 955 1 .755 2.574 54.7 68.8 49.8 47.7 56.9 53.5
1981 7.989 1,223 1,258 925 1.629 2,954 57.5 74.3 58.7 61.7 51.8 54.1

1983 8,791 967 1.173 938 1,829 3,884 62.8 74.2 71.0 69.4 60.4 58.3
1985 7.720 1.006 858 802 1.060 3,994 50.5 65.2 50.0 56.6 45.8 48.1

1987 10.921 1,065 1,142 952 1,792 5,970 63.9 74.1 66.2 71.6 71.3 59.2
1989 . 11.547 1.516 1.277 910 1,844 6,500 67.5 81.0 69.9 72.3 65.2 64.4
1991 10.635 1.737 1,414 866 1.306 5.312 65.2 70.2 69.3 60.6 78.1 61.1

Mathematics

1973 1.972 310 647 240 293 482 31.6 21.2 31.9 25.7 42.6 42.6
1975 1.483 108 458 334 250 324 21.7 10.1 20.7 29.2 23.3 25.2
1977 1.206 136 255 308 224 283 20.2 15.2 17.8 25.7 20.1 21.2
1979 1,342 144 357 219 237 385 22.6 18.0 41.1 19.3 14.8 25.0
1981 1,360 101 297 192 476 294 22.7 15.1 29.2 23.0 30.0 15.7
1983 2.318 265 376 286 602 789 38.7 42.1 39.0 49.0 39.6 34.3
1985 1,518 83 232 180 324 699 24.5 13.2 29.6 36.6 25.3 23.2
1987 . 2,675 147 396 276 511 1,345 34.5 23.3 36.2 42.4 37.4 33.5
1989 2,892 160 374 319 549 1.490 36.5 29.0 39.9 43.5 46.2 33.1

1991 3.276 423 564 531 549 1.209 37.4 37.8 40.2 51.0 40.0 31.7

Computer sciences

1973 533 120 147 76 107 83 54.9 48.8 68.4 55.5 66.9 39.0

1975 425 79 110 37 84 115 41.0 30.9 47.6 45.1 48.8 39.0
1977 594 107 200 59 84 144 54.4 50.2 64.5 55.1 57.5 45.6
1970 574 80 202 138 47 107 44.0 44.0 58.7 45.7 23.2 39.1

1981 736 175 165 143 125 128 46.6 50.1 49.3 58.6 39.6 38.0

1983 920 150 307 122 128 213 51.8 71.8 66.5 49.6 40.6 39.1

1985 680 55 155 129 171 170 36.5 24.6 37.6 46.6 38.2 33.9

1987 1,526 185 296 229 248 568 55.4 53.8 66 8 70.0 44.0 52.7

1989 1.646 111 375 326 310 524 50.6 30.2 74.3 66.8 51.3 40.6

1991 2.047 287 506 163 461 630 48.4 32.2 599 60.6 62.3 42.4

Environmental sciences

1973 2.139 484 564 272 338 481 60.3 61.7 66.8 53.9 63.1 55.0
1975 2,339 502 591 385 378 483 59.1 01.0 63.3 62.3 60.8 50.4

1977 2,287 321 653 336 390 587 57.5 47.3 61.9 65.2 55.6 57.3

1979 2.3 ;7 465 461 327 494 570 63.2 84.9 67.3 60.7 61.1 52.4

1981 2.425 443 494 385 389 714 58.; 60.9 68.4 58.7 49.6 57.3

1983 2.720 456 599 423 392 850 66.5 74.9 67.7 78.9 60.0 60.5
1985 2.587 273 499 352 579 884 59.7 62.8 67.3 62.5 65.4 51.8

1987 3.613 424 603 349 874 1,363 68.3 66.9 70.9 78.4 74.7 62.2

1989 4.096 369 747 495 879 1.606 71.7 62.8 82.8 82.1 83 2 62.6

1991 4.396 564 814 684 834 1.500 75.3 77.0 88.1 85.7 89.2 61.2

(continued)
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Appendix table 5-19.
Academic researchers reporting federal support, by number of years since doctorate award and field: 1973-91
(page 2 of 2)

All
researchers

Years since doctorate All
researchers

Years since doctorate

1-3 4-7 8-10 11-15 15+ 1-3 4-7 8-10 11-15 15+

Number ----Percent

Life sciences

1973 18,645 3,717 4,323 2,281 2,452 5,872 67.2 68.8 67.2 67.8 65.0 66.9

1975 19,322 3,469 4,787 2,578 2,911 5,577 64.8 66.5 63.8 66.3 65.5 63.7

1977 20,522 3,315 5,052 3,126 3,282 5,747 68.2 70.5 68.4 69.9 69.2 65.5

1979 21,743 3,482 4,790 3,237 3,766 6,468 65.4 69.6 66.0 64.8 65.2 63.3

1981 23,194 4,355 4,872 3,119 4,287 6,561 63.2 75.5 65.7 62.1 60.5 57.4

1983 25,954 3,961 4,886 3,344 5,805 7,958 69.1 71.2 73.2 72.7 69.3 64.4

1985 24,442 3,481 4,781 3,012 5,179 7,989 59.1 60.5 63.4 62.2 60.8 54.4

1987 34,420 4,093 6,254 4,529 6,695 12,849 72.5 72.9 76.1 79.9 75.6 67.1

1989 37,488 5,056 0,464 4,668 6,876 14,424 73.4 79.3 75.8 77.3 79.1 67.3

1991 36,386 5,167 6,663 5,180 6,146 13,230 72.1 71.0 73.3 79.9 74.8 68.3

Psychology

1e3 3,296 751 861 383 456 845 44.6 40.9 44.2 39.5 45.0 52.4

1975 3,336 558 940 459 483 896 40.3 32.5 40.8 37.5 42.6 47.4

1977 2,838 465 750 376 485 762 39.0 34.2 37.3 34.8 44.3 44.1

1979 3,129 724 784 456 353 812 41.1 46.0 43.2 38.0 32.1 42.3

1981 3,261 719 838 438 468 798 38.0 55.4 40.6 32.2 29.0 35.5

1983 3,001 355 652 566 477 951 37.2 34.2 37.7 45.0 34.8 35.6

1985 2,866 483 594 499 474 816 33.0 41.5 37.9 40.4 26.7 27.6

1987 4,358 708 708 668 776 1,498 36.8 49.2 35.1 46.3 32.6 32.9

1989 4,797 670 700 482 1,104 1,841 41.5 50,9 40.6 36.7 52.5 36.1

1991 4,104 490 854 324 799 1,637 38.5 38.1 41.7 30.7 47.7 35.6

Social sciences

1973 4,094 944 1,139 536 543 932 31.4 26.9 35.2 34.3 32.5 30.6

1975 4,410 834 1,344 677 539 1,016 28.0 22.1 29.9 33.9 27.4 28.6

1977 4,180 661 1,265 650 611 993 32.3 28.5 31.8 35.8 35.4 32.2

1979 4,266 766 953 776 907 864 30.7 30.9 29.0 32.7 36.0 26.7

1981 . 4,270 552 1,084 530 1,029 1,075 28.1 25.2 30.8 23.5 32.4 26.3

1983 4,962 783 1,268 572 1.133 1,206 33.3 39.3 40.2 25.6 34.4 28.6

1985 3,534 280 638 431 871 1.314 21.2 15.0 20.2 16.2 24.8 24.1

1987 7,126 547 1,342 842 1,675 2,720 31.3 24.2 38.7 27.8 35.4 29.4

1989 8,138 583 1,385 1.101 1,674 3,395 33.2 28.8 36.6 40.3 32.4 31.5

1991 6,473 427 1,316 906 1,304 2,520 28.7 16.3 32.7 35.9 33.0 26.6

Engineering

1973 5,274 760 1,561 903 967 1,083 60.7 50.9 59.2 59.8 72.1 63.1

1975 5,290 662 1,309 1,023 1,062 1,229 58.2 59.6 60.7 54.8 59.6 57.0

1977 5.343 557 994 1,012 1,330 1,450 61.6 62.7 62.1 62.5 58.5 63.3

1979 5,716 438 1,024 692 1,613 1,949 59.3 57.9 63.1 59.7 58.4 58.5

1981 5.207 420 858 829 1,262 1,838 59.2 49.8 74.5 62.3 66.2 51.7

1983 6,473 373 881 573 1,876 2,770 66.3 51.3 70.0 73.9 65.3 67.0

1985 4,834 368 487 656 1.139 2,184 44.9 40.1 32.4 71.6 55.9 40.4

1987 9.236 632 1,251 779 1,489 5,085 65.5 58.2 71.1 69.3 69.6 63.7

1989 9,794 743 1,554 762 1.720 5,010 66.9 61.7 81.2 66.4 75.0 62.0

1991 10,469 1,396 1,859 938 1,526 4.750 66.2 63.1 72.3 69.7 67.3 64.0

SOURCE: Science Resources Studies Division, National Science Foundation (NSF). Characteristics of Doctoral Scientists and Engineers: 1991 (Washington, DC:

NSF, forthcoming): and NSF, unpublished tabulations.

See figure 5-12. Science & Engineering Indicators 1993
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Appencitx table 5-20.
Federally supported academic doctorate-holders, by field of employment and number of funders: 1979-91

Field 1979 1981 1983 1985 1987 1989 1991

Total

Total science & engineering 53,270 54,514 64,231 54,534 81,856 88,371 86,429
Physical sciencss 8,085 8,638 9,779 8,272 11,665 12,366 11,609
Matheinatics 1,693 1,668 2,641 1.738 3.039 3,262 3,724
Computer sciences 690 893 1,145 834 1,693 1,789 2,612
Environmental sciences 2,472 2,564 2,998 2,789 3,751 4,249 4,609
Lite sciences 24,282 25,016 29,049 27,004 37.609 40,319 39,123
Psychology 4,338 4,209 3.902 3.591 5,457 6,131 5.068
Social sciences 5,324 5,607 6,768 4.485 8,597 9,424 8,123
Engineering 6.386 5.919 7,949 5,821 10,045 10,831 11,561

Supported by one federal agency

Total science & engineering 42,950 43,498 50,504 43,629 60,182 64,984 61,287
Physical sciences 6.313 6,407 7,415 6,262 8.103 8.462 7.856
Mathematics 1,517 1,499 2,341 1,483 2.431 2,479 2,931
Computer sciences 568 659 790 635 1,129 982 1,683
Environmental sciences 1.602 1,547 1,517 1.643 1.905 2,227 2.195
Life sciences 20,235 20,909 23,503 22,402 28,830 31,240 29,812
Psychology 3.653 3,435 3.275 2,922 4.592 4,974 4,157
Social sciences 4.711 4,631 5,952 3.972 6,790 7.674 5,968
Engineering 4,351 4,411 5,711 4,310 6,402 6.946 6,685

Supported by more than one federal agency

Total science & engineering 9,830 10,478 13,229 10,239 21,236 23.234 24,564
Physical sciences 1.718 2,173 2,308 1,907 3.473 3.860 3,663
Mathematics 155 157 286 227 540 766 700
Computer sciences 122 208 346 178 564 807 929
Environmental sciences 831 995 1,458 1,145 1.826 2,008 2.382
Life sciences 3,837 3,852 5,234 4,318 8,597 9,013 9,129
Psychology 607 727 569 573 810 1,155 888
Social sciences 563 904 790 438 1,799 1,750 2.016
Engineering 1,997 1,462 2,238 1,453 3,627 3,875 4,857

NOTES: Data exclude university-administered federally funded research and development centers. Data are limited to respondents with doctorates in science and
engineering (S&E) from a U.S. academic institution; data exclude non-S&E doctorate-holders working in S&E and persons with S&E doctorates awarded by foreign
institutions. For a fuller discussion, see chapter 5. "Changes in the Survey of Doctorate Recipients." Details do not sum to totals because some academic doctorate-
holders do not specify agencies providing support.

SOURCE Science Resources Studies Division. National Science Foundation, Survey of Doctorate Recipients, unpublished tabulations.

See figure 5-13. Science & Engineering Indicators-1993
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Appendix table 5-22.
Scientific and technical fields in which the U.S. share of world publications changed by more than 5
percentage points: 1981-91

Field

World publications
published in

1981 1986 1991

U.S. publications
published in

1981 1986 1991 1981

U.S. share of
world articles

1986 1991

Net
change
1981-91

Number Number Percent

Gains in U.S. share

General engineering 1 282 317 308 238 158 109 18.6 49.8 35.4 16.8

Biophysics 978 1,151 820 281 435 336 28.7 37.8 41.0 12.2

General biology 1.735 504 593 588 142 266 33.9 28.2 44.9 11.0

Applied mathematics 2.010 1,551 1.577 704 679 725 35.0 43.8 46.0 10.9

Aerospace technology 933 913 844 556 540 581 59.6 59.1 68.8 9.2

Oceanography & limnology 1,451 1,162 1.218 594 523 611 40.9 45.0 50.2 9.2

General chemistry 15.772 15,472 14,570 2,135 3.075 3,196 13.5 19.9 21.9 8.4

Nutrition & dietetics 1.943 1,507 1,484 880 797 781 45.3 52.9 52.6 7.3

Applied chemistry 2,660 1,504 1,422 470 303 355 17.7 20.1 25.0 7.3

Misc, clinical medicine 332 458 543 201 295 367 60.5 64.4 67.6 7.0

Physiology 3.564 4,801 5,501 1.518 2.299 2.692 42.6 47.9 48.9 6.3

Microscopy 603 428 404 148 158 124 24.5 36.9 30.7 6.1

General zoology 2,011 2,141 1.901 354 514 448 17.6 24.0 23.6 6.0

General mathematics 5,344 4,549 4,284 1,728 1,689 1,638 32.3 37.1 38.2 5.9

Operations research &
mgmt science 759 348 367 309 169 169 40.7 48.6 46.0 5.3

Applied physics 10,104 12,573 16.035 2.887 4.077 5,393 28.6 32.4 33.6 5.1

Losses in U.S. share

Hematology 2.269 2.858 3,163 897 1,023 1.089 39.5 35.8 34.4 (5.1)

Allergy 671 820 745 292 325 286 43.5 39.6 38.4 (5.1)

Endocrinology 4,361 4.791 4,635 1,870 1,788 1,745 42.9 37.3 37.6 (5.2)

Urology 1,765 1.636 1,815 842 801 770 47.7 49.0 42.4 (5.3)

Optics 2,079 2,515 3.052 830 1.017 1.056 39.9 40.4 34.6 (5.3)

Acoustics 1.330 1,243 1,242 613 483 504 46.1 38.9 40.6 (5.5)

Astronomy & astrophysics . . 4,325 4.329 4,467 1,986 1,746 1,775 45.9 40.3 39.7 (6.2)

Civil engineering 2.055 712 696 1.205 385 363 58.6 54.1 52.2 (6.5)

Embryology 997 669 844 478 198 347 47.9 29.6 41.1 (6.8)

Environmental science' NA 3.361 3.920 NA 1.594 1.588 NA 47.4 40.5 (6.9)

Miscellaneous mathematics 1,431 533 448 710 202 190 49.6 37.9 42.4 (7.2)

Dentistry 2,225 2,613 2.727 1,106 1.154 1,153 49.7 44.2 42.3 (7.4)

Nuclear & particle physics 3,216 5,944 7.217 1.255 1,962 2.263 39.0 33.0 31.4 (i.7)
Marine biology & hydrobiology . . 3,350 3.780 4.099 1.215 1,160 1,161 36.3 30.7 28.3 (7.9)

Miscellaneous biomedicine 1,544 1.134 1.145 759 486 462 49.2 42.9 40.3 (8.8)

Addictive diseases 492 476 600 330 276 349 67.1 58.0 58.2 (8.9)

Misc. engineering/technology. . . 782 611 521 280 162 139 35.8 26.5 26.7 (9.1)

Tropical medicine 836 772 855 203 141 128 24.3 18.3 15.0 (9.3)

Pharmacy 4.154 2.753 2.438 1.129 536 406 27.2 19.5 16.7 (10.5)

Biomedical engineering 1,359 1.729 2.032 524 491 520 38.6 28.4 25.6 (13.0)

Anatomy & morphology 778 823 750 311 253 202 40.0 30.7 26.9 (13.0)

Cancer 5,374 6.691 7.302 2.785 2.916 2,785 51.8 43.6 38.1 (13.7)

Nephrology 573 724 765 271 265 250 47.3 36.6 32.7 (14.6)

Chemical engineering 2,793 3,290 3.344 1.338 1,294 1.080 47.9 39.3 32.3 (15.6)

Fluids & plasmas 1.107 1.192 797 603 645 300 54.5 54.1 37.6 (16.8)

Library & information science . . . 223 31 26 128 20 10 57.4 64.5 38.5 (18.9)

Nuclear technology 2.839 1,943 1.995 1.474 872 531 51.9 44.9 26.6 (25.3)

NA = not available

'The net change for environmental science is from 1986 to 1991. as data for previous years are unavailable.

SOURCE. CHI 'esearch. Inc.. Science & Engineering Indicators Literature Database, special tabulations. 1993
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Appendix table 5-26.
U.S. academic-industry coauthored scientific and technical articles as a proportion of all industry
articles, by field: 1981-91

429

Field 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991

Percent
^,

All fields ..
22 24 23 25 27 28 30 31 32 33 35

Clinical meOcine 30 34 33 35 40 37 42 41 42 44 45

Biomedical research 35 37 35 35 39 38 40 41 39 39 40

Biology 39 46 42 37 44 44 41 47 48 43 45

Chemistry 13 17 15 16 16 18 20 20 22 22 24

Physics 20 21 23 25 23 23 25 26 28 29 31

Earth and space sciences . . . 34 35 33 36 33 36 34 41 38 40 37

Engineering and technology 16 17 16 17 18 20 23 24 23 26 26

Mathematics 43 35 42 42 43 40 42 41 51 52 49

SOURCE: CHI Research, Inc.. Science & Engineering Indicators Literature Database, special tabulations, 1993.
Science & Engineering Indicators 1993
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Appendix table 6-6.
U.S. receipts and payments of royalties and fees associated
with affiliated and unaffiliated foreign residents: 1987-91

Total

Foreign residents

Affiliated Ui 'affiliated

Receipts

Millions of dollars

1987 9.914 7.629 2.285
1988 11.802 9.156 2.646
1989 . . . 13.064 10.207 2.857
1990 16.470 13,081 3.389
1991 17.799 14.014 3,785

Payments
1987 1.844 1.296 547
1988 2.585 1.410 1,175
1989 2.602 1.778 824
1990 3.133 2.196 937
1991 3.984 2.857 1.127

Falance
987 8 070 6.333 1,738

1988 9.217 7.746 1.471
1989 10.462 8,429 2.033
1990 13.337 10.885 2.452
1991 13.815 11.157 2.658

SOURCE Bureau of Economic Analysis Swvey of Current Business. Vol 72. No 9 iSept
1992).

See figure 6-13 Science & Engineeung Indicators - 1903
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456 Appendix A. Appendix Tables

Appendix table 6-13
Patent classes most emphasized by inventors from the United States patenting in the United States: 1981 and 1991

Patent class Class number

Activity incex

1981 1991

Mineral oils. Processes and products 208 1.813 1.977
Chemistry. hydrocarbons. . . 585 1.786 1 938

Wells . , . . . . . . 166 1 747 1 777
Chemistry-Analytical and immunological testing 436 1 340 1 523
Food or edible material. Processes. compositions and products 426 1.146 1.438

Superconductor technology--Aoparatus. malarial. process . . 505 0.000 1.434
Error detectiontofTection and fault detectiowrecovery . . . 371 1.395 1.432
Amplifiers. . . . . 330 1.017 1.415
Chemistry-Molecular biology and microbiology 435 1 107 1 402
Drug. bio-aflecting and body treating compositions . . . 424 1.092 1 386

Chemistry kgnins or reaction products thereof . . 530 1.225 1.373
Part of the class 520 series--synthetic resins or natural rubber 521 1 114 1.371

Compositions . . . . 252 1.356 1 359
Electrical transmisF.ion or interconnection systems. 307 1 216 1.359
Electricity. conductors and insulators 174 1.216 1 348

Induced nuclear reaction. systems and elements. 376 0.787 1.344
Electrical connectors. . . . . . . . . . . 439 1.572 1.334
Information processing system organization 395 1 594 1.333
Catalyst. solid sorbent. or support therefore. product 502 1.593 1.331

Electricity, electrical systems and devices . . . 361 1 215 1.323

Valves and valve actuation 251 1.207 1.317
Electricity, measuring and testing 324 1.095 1.311

Gas separation . . . 55 1.078 1.311

Pulse or digital communications. . . .... 375 1.222 1.308
Multiplex communications . . 370 1.084 1.304

Communication. electrical. Acoustic wave systems and devices 367 1.230 1.296
Classification undetermined. . . .... 1 0.944 1.289
Envelopes. wrappers & paperboard boxes . 229 1.638 1.280
Process disinfecting. deodorizing, preserving or sterilizing 422 1.041 1.277
Semiconductor device manufacturing process 437 1.425 1.264

Part of the class 520 series-- synthetic resins or natural rubber 525 1 341 1.262
Telecommunications 455 0.989 1.259
Part of the class 520 series-synthetic resins or natural rubber . . . . 526 1.202 1.257

Surgery . . . .............. 604 1.095 1.253

Optical wa \ieguicles 385 1.016 1.252

Surgery 606 0.631 1.251

Compositions & Ceramic 501 0.967 1.247
Part of the class 520 series-synthetic resins or natural rubber. 523 1.310 1.242
Part of the class 532-570 series-organic compounds . 556 1 391 1 234

Coded data generation or conversion . 341 1.365 1.230

Heat exchange 165 1 074 1.217

Part of the class 532-570 series--organic compounds . , 564 1.541 1.217
Electrical computers and data processing systems 364 1 234 1.209

Wave transmission lines and networks ..... . 333 0.971 1.207

Coating processes . . .. . . 427 1.122 1.205

Communications, directive radio wave systems & devices . 342 1.012 1.194

Fluid handling 137 1.024 1.192

Part of the class 520 series-synthetic resins or natural rubber . . 524 1.339 1.191

Electric power conversion systems . . 363 1.187 1.190

Cleaning and liquid contact with solids 134 1.102 1.177

NOTES The activity index is the percentage of the patents in a class that are granted to inventors from one country, divided by the percentageof all patents that have
inventors from that country in that year Listing is limited to Patent and Trademark Office classes that received at least 200 patents from all countriesin 1991

SOURCE Office of Information Systems. TAF Program Patent and Trademark Office. 'Country Activity Index Report Corporate Patenting 1991 report prepared for
the Natrona! Science Foundation (Washington DC Sept 1992)
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Appendix table 6-14.
Patent classes most emphasized by inventors from Japan patenting in the United States: 1981 and 1991

Patent class Class number

369
354

Activity index

1981

2.987
4.319

1991

3 213
3 192

_

Dynamic information storage or retrieval .

Photography
Phr'ocopying 355 3.257 3.142
Dynamic magnetic information storage or retrieval 360 3.122 2.912
Typewnting machines . 400 1.123 2.602

Radiation imagery chemistry-process. composition or products 430 3.171 2.533
Recorders . . . . ....... 33456 2 902 2.491

Pictorial communication: television. . . 2,443 2.474

Static information storage and retrieval . . . . 365 1.657 2.432
Active sold state devices. e.g . transistors, solid state diodes . 357 2.103 2.202

Sewicig 112 1.813 2.196

Music . . 84 1.631 2.127
Motor vehicles . . ....... 186 1.073 2.124
Internal-combustion engines 123 2.577 2.065

Image analysis ... 382 1.323 2.060

Machine elements and mechanisms 74 1 525 2.032
Electricity, motive power systems . . . ..... . . ................. . . 318 1.509 1.965

Metal treatment . . .
148 2.075 1.913

Registers 235 0.813 1 845

Coating apparatus . 118 1.544 1.797

Optics. systems (including communication) and elements 359 2.442 1.785

Electrical generator or motor structure . ........ . ..... 310 1.374 1.753

Clutches and power-stop control ............... 192 1.351 1.731

Sheet feeding or delivering 271 1 587 1.719

Information processing system organization 395 1.228 1.713

Electrical audio signal processing and systems 381 1.954 1.623

Electrical computers and data processing systems 364 1i575 1.547

Radiant energy. . . ........... . . . . . 250 1.187 1.535

Semiconductor device manufacturing process. 437 1.549 1.528

Stock material or miscellaneous articles 428 1.268 1.507

Chemistry. electrical current producing apparatus. pro . . 429 0.620 1.379

Coherent light generators 372 0.795 1 354

Compositions & Ceramic 501 2.129 1.336

Error detection correction and fault detectionTecovery 371 0.857 1.322

Part of the class 520 series-synthetic resins or natural rubber. 526 1.538 1.320

Coded data generation or conversion . . ...... ... 341 1.068 1 310

Electrical transmission or interconnection systams . . 307 1.638 1.298

Electricity, circuit makers and breakers . . . 200 1.311 1.246

Part of the class 520 series-synthetic resins or natural rubber . 525 1.549 1.237

Telecommunications ..... 455 2.325 1.237

Multiplex communications . . 370 0.683 1 222

Glass manufacturing . . . ..... . . 65 0.779 1.187

Part of the class 520 series-synthetic resins or natural rubber 523 1.383 1.181

Part of the class 520 series-synthetic resins or natural rubber 524 1.265 1 177

Winding and reeling . . . . . .................. . . . ......... . . . 242 1 387 1.165

Coating processes ....... . . . ..... . . . . ..... . 427 1.156 1.147

Superconductor technology. Apparatus. material. process . . 505 0.000 1.141

Metallurgy . . . 75 1.516 1.140

Electric heating . . . 219 1 422 1.138

Telephonic communications . . 379 0.660 1.137

NOTES. The activity index is the percentage of the patents in a class that are granted to inventors from one country divided by the percentage of all pate its that have
inventors from that country in that year Listing is limited to Patent and Trademark Office classes thal received at least 200 patents from all countries in 1991

SOURCE Office of Information Systems. TAF Program. Patent and Trademark Office. -Country Activity Index Report. Corporate Patenting 1991. report prepared for
the National Science Foundation (Washington DC Sept 1992)

See text table 6-1 604 Science & Engineering Indicators 1993
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Appei idix table 6-15.
Patent classes most emphasized by inventors from Germany patenting in the United States: 1981 and 1991

Pater it class Class number

Activity index

1981 1991

Printing . . 101 1.275 4.684
Chemistry, fertilizers . .. 71 1.616 3.620
Part of the class 532-570 series-organic compounds 568 1.799 3.058
Part of the class 532-570 senes-organic compounds 548 2.277 2.524
Part of the class 532-570 series -organic compounds 560 1.624 2.419

Ammunition and explosives 102 1.679 2.401
Bearing or guides 384 1.679 2.213
Winding alid reeling 242 1.099 2.088
Brakes. . 188 1.587 1.949
Compositions coating or plastic 106 1.390 1.874

Part ot the class 520 series- synthetic resins or natur al rubber 528 1.703 1.871
luiernal-combustion engines 123 2.016 1.836
Typewriting machines . 400 1.394 1.804
Chemistry. inorganic 423 1.329 1.796
Part of the class 520 series-synthetic resins or natural rubber. 521 2.010 1.793

X ray or aamma ray systems or devices . 378 3.085 1.791

Plastic article or earthenware shaping or treating ap 425 1.209 1.769
Metal deforming . . . 72 1.151 1.749
Part ot the class 520 series-synthetic resins or natural rubber 524 1.537 1.747
Part of the class 532 570 senes--organic compounds 556 1 259 1.656

Part of the class 532-570 serres--organic compounds . 564 1.263 1.649
Pait of the class 520 sei ies---synthetic resins or natural rubber 525 1.056 1.618
Clutches and power-stop control 192 1.431 1.608
Power plants 60 0.763 1 569
Chemistry, electrical and wave energy . 204 1.030 1.548

Sheet feeding or delivering 271 2 315 1.528
Solid material comminution or disintegration . 241 0.805 1.507
Metal founding , . . . . . . 164 0.720 1.503
Part of the class 520 series-synthetic resins or natural rubber 523 1.176 1.480
Package making. . 53 1.255 1.469

Conveyers. power-driven. . . . ....... . . 198 1.453 1.464
Land vehicles, bodies and tops . ..... 296 1.269 1.449
Drug bio affecting and body treating compositions 514 1.655 1.423
Heat exchange . . . . 165 0.750 1.368
Part of the .lass 532-570 series- organic compounds . 549 1.243 1.362

Electric power conversion systems 363 0.835 1.357
Pumps.. 417 1.132 1.331
Fluid sprinkling, spraying and diffusing . 239 0.872 1.326
Joints and connections 403 1.061 1.312
Plastic and nonmetallic article shaping or treating Process . . 264 1.094 1 280

Cutting.. . 83 1.155 1.269
Optical waveguides . 385 1.230 1.265
Machine elements and meclianisms 74 1.387 1.255
Sewing 112 1 865 1.245

Cutlery 30 0.532 1.239

Catalyst. solid sorbent. or support theiefore product . 502 0.856 1.236
Measuring and testing. . . 73 1.207 1.233
Part of the class 532 570 series --organic compounds . 536 0.429 1.230
Electricity, circuit makers and breakers 200 1.003 1 228
Part of the class 520 series-synthetic resins or natural rubber . 526 1.101 1.224

NOTES The activity index is the percentage of the patents in a class that are granted to inventors from one country. divided by the percentageof all patents that have
entof from that country in that year Listing is limited to Patent and Trademark Office classes that received at least 200 patents frcrn all countries in 1991 German

data are for the former West Germany only

SOURCE Office of Information Systems 1-AF Program Patent and Trademark Office "Country Activity lndev Report Corporate Patenting 1991. report prepared for
the National Science Foundation ;Washington DC Sept 19921 S rtlSee text table 0 -1 Science & Engineering Indicators - 1993
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Appendix table 6-16.
Patent classes most emphasized by inventors from Canada patenting in the United States: 1981 and 1991

Activity index

Patent class Class number 1981 1991

Metallurgy 75 3.282 5.229

Chemistry. inorganic 423 2.491 3.452

Electricity, conductors and insulators 174 2.512 3.426

Plastic article or earthenware shaping or treating: ap 425 3.797 3.387

Multiplex communications 370 1.459 3.323

Chemistry: Analytical and immunological testing 436 0.417 2.853

Telephonic communications 379 5.820 2.809

Static structures, e.g., buildings 52 1.594 2,500

Supports 248 1.106 2.425

Mineral oils: Processes and products 208 3.218 2.402

Apparel 2 0.597 2.280

Wells 166 2.082 2.245

Chemistry. electrical current producing apparatus, product and process 429 0.000 2.224

Material or article handling 414 1.238 2.219

Cleaning and liquid contact with solids 134 0.938 2.173

Fluid sprinkling, spraying and diffusing 239 0.318 1.939

Solid material comminution or disintegration 241 2.698 1.917

Harvesters 56 1.683 1.908

Animal husbandry 119 0.000 1.844

Optical waveguides 385 4.007 1.727

Compositions: Ceramic 501 2.421 1.679

Chemistry, fertilizers 71 0.000 1.672

Adhesive bonding and miscellaneous chemical manufacture 156 1.050 1.657

Measuring and testing 73 1.334 1.643

Wave transmission lines and networks 333 1.191 1.620

Movable or removable closures 49 1.417 1.609

Electricity, circuit makers and breakers 200 0.000 1.596

Pipe joints or couplings 285 0.460 1.582

Sewing 112 0.000 1.533

Lquid purification or separation 210 2.157 1.519

Electric power conversion systems 363 2.913 1.512

Part of the class 520 series-synthetic resins or natural rubber 521 0.366 1.498

Chemistry: Molecular biology and microbiology 435 0.000 1.477

Plastic and nonmetallic article shaping or treating: Process 264 1.002 1.461

Electric heating 219 0.597 1.430

Heat exchange 165 1.712 1.412

Motor vehicles 180 0.970 1.404

Conveyers. power-driven 198 1.106 1.394

Locks 70 2.626 1.384

Amplifiers 330 0.566 1.355

Bearing or guides 384 0.000 1.328

Chemistry. electrical and wave energy 204 1.785 1.315

Refrigeration 62 0.877 1.271

Metal founding 164 1.005 1.256

Optics, measuring and testing 356 1.192 1.189

Metal working 29 0.733 1.180

Receptacles 220 2.060 1.161

Envelopes, wrappers and paperboard boxes 229 0.615 1.161

Dispensing 222 0.932 1.150

Coherent light generators 372 1.437 1.142

NOTES: The activity index is the percentage of the patents in a class that are granted to inventors from one country. divided by the percentage of all patents that have
inventors from that country in that year. Listing is limited to Patent and Trademark Office that received at least 200 patents from all countries in 1991.

SOURCE. Office of Information Systems. TAF Program. Patent and Trademark Office. "Country Activity Index Report. Corporate Patenting 1991." report prepared for
the National Science Foundation (Washington, DC: Sept. 19921

See text table 6-2.
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Appendix ladle 6-17
Patent classes most emphasized by inventors from France patenting in the United States: 1981 and 1991

Patent class Class number

Activity index

1981 1991

Induced nuclear reaction systems and elements 376 1.496 4.750
Wave transmission lines and networks 333 3.082 3.193
Brakes 188 1.274 2.934
Part 01 the class 532 570 series-- -organic compounds 564 1.053 2.910
Part of the class 532 570 series-organic compounds 560 0.804 2.725

Communications directive radio wave systems & devices 342 1.916 2.702
X fay or gamma ray systems or devices
Glass manufacturing

378
65

01..5757 24 2.647
2.591

Pipe joints or couplings 285 1.871 2.525
Communication. electrical Acoustic wave systems and devices 367 1.954 2.477

Par! of the class 532 570 series-organic compounds 568 1.569 2.475
Chemistry. inorganic . 423 1.300 2.465
Registers . . 235 2.173 2.302
Electricity circuit makers and breakers 200 0.604 2.246
Aeronautics 244 1.609 2.092

t and vehicle 280 0.697 2.090
Movable or removable closures 49 0.524 2.076
Catalyst solid sorbent. or support .aeref ore. product 502 0.883 2.069
Part of the class 532-570 series-organic compounds . 536 0.797 2.025
Pulse or digital communications . 375 3.575 1.976

Drug blo affecting and body treating compositions 514 2.045 1.916
Metal founding 164 2.043 1.916
Chemistry twins or reaction products thereof 530 0.921 1.796
Harvesters 56 1.400 1.790
Mineral oils Processes and products . 208 0.357 1.690

Process disinfecting. deodorizing, preserving or sterilizing 422 0.653 1.606
Drug bio affecting and body treating compositions 424 1.666 1.598
Metal treatment . . 148 1.060 1.576
Electricity, electrical systems and devices 361 0.646 1.543
Electric lamp and discharge devices 313 0.503 1.496

Part of the class 520 series- synthetic resins or natural rubber 526 1.363 1.470
Multiplex communications 370 3.505 1.448
Amplifiers . 330 1.255 1.431
Chairs and seats 297 1.273 1.430
Error detection correction and fault detectionirecovery 371 0.827 1 406

Prothesis i i e . artificial body members). parts or aid . . . 623 1.277 1.378
Part of the class 520 series-synthetic resins or natural rubber 528 1.106 1.363
Electricity, motive power systems 318 0.819 1.359
Electric lamp and discharge devices. systems 315 1.583 1.353
Coded data generation or conversion 341 1.427 1.312

Joints and connections 403 1.011 1.310
Clutches and power-stop control . ................ . 192 0.359 1.304
Optics measuring and testing . 356 1.058 1.302
Adhesive bonding and miscellaneous chemical manufacture 156 0.949 1.296
Abrading 51 1.062 1.295

Electrical generator or motor structure 310 1.193 1.264
Power plants 60 1.221 1.262
Compositions 252 1.159 1.252
P,Ickage making . . 53 0.883 1.248
Part of the class 532-570 Senes-organiC compounds 549 1.872 1.246

Ti'e ncvi1 ii de, ,s the percentage of the patents in a class that are granted to inventors from one country. divided by the percentage of allpatents that have
nve,tur.. non. it, It ccantiy .n that year Listing is limited to Patent and Trademark Office classes that received at least 200 patents from all countries in 1991.

:-.0IIRC.F Office af information System; TAF Program. Patent and Trademark Office. -Country Activity Index Report. Corporate Patenting 1991." report prepared for
'131;ori.f. Sc,ece oundation iWashington DC Sept 19921

!..t lant. ;' Science & Engineering Indicators 1993
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Appendix table 6-18.
Patent classes most emphasized by inventors from Great Britain patenting in the United States: 1981 and 1991

Activity index

Patent class Class number 1981 1991

Drug. bio-affecting and body treating compositions 514 2.899 2.988

Joints and connections 403 1.926 2.702

Chemistry. fertilizers 71 1.798 2.698

Metal fusion bonding 228 1 370 2.416

Optical waveguides 385 1.254 2.388

Aeronautics 244 0.511 2.158

Part of the class 532-570 series-organic compounds 548 1.302 2.042

Pulse or digital communications 375 1.376 2.038

Drug. bio-affecting and body treating compositions 424 2.302 2.007

Wells 166 0.559 1.976

Brakes 188 2.003 1.958

Conveyers. power-driven. 198 2.193 1.928

Glass manufacturing 65 1.075 1.909

Compositions 952 1.839 1.901

Communications, directive radio wave systems & devices 342 1.390 1 900

Geometrical instruments 33 0.550 1.897

Pictorial communication: television 358 1.219 1.812

Pipe joints or couplings 285 1.296 1.685

Hydraulic and earth engineering 405 1.452 1.664

Catalyst. solid sorbent. or support therefore. product 502 1.047 1.622

Electric heating 219 1.121 1.616

Part of the class 532-570 series-organic compounds 549 0.969 1.607

Metallurgy 75 0.881 1.558

Chemistry, electrical current producing apparatus, product and process 429 0.868 1.538

Power plants 60 1.724 1.532

Sheet feeding or delivering 271 0.467 1.403

Measuring and testing 73 0.974 1.383

Compositions, coating or plastic 106 1.562 1.355

Pumps 417 2.283 1.353

Part of the class 520 series-synthetic resins or natural rubber 523 1.079 1.347

Metal deforming 72 1.372 1.341

Part of the class 532-570 senes-organic compounds 556 1.376 1.340

Electric lamp and discharge devices, systems 315 1.340 1.309

Cutlery 30 0.558 1.286

Optics, measuring and testing 356 1.343 1.279

Chemistry, inorganic 423 1.468 1.235

Optics. systems (including communication) and elements 359 0.618 1.231

Coded data generation or conversion 341 0.302 1.218

Communications. electrical 340 1.486 1.195

Coating processes 427 0.998 1.193

Registers . 235 0.460 1.187

Surgery 604 0.427 1.180

Locks 70 0.411 1.172

Part of the class 532-570 series-organic compounds 564 0.764 1.167

Radiant energy. 250 1.724 1.165

Chemistry: Molecular biology and microbiology 435 0.677 1.152

Static structures. e g.. buildings 52 0.554 1.152

Amplifiers 330 0.886 1.148

Chemistry. electrical and wave energy 204 1.257 1.131

Electricity, measuring and testing 324 1.313 1.115

NOTES The activity index is the percentage of the patents in a class that are granted to inventors from one country. divided by the percentageof all patents that have
Inventors frorn that country in that year Listing is limited to Patent and Trademark Office classes that received at least 200 patents from all countriesin 1991

SOURCE. Office of Information Systems, TAF Program, Patent and Trademark Office. "Country Activity Index Report. Corporate Patenting 1991," report prepared for
the National Science Foundation (Washington, DC. Sept 1992).

See text table 6-2 Science & Engineering Indicators -1993
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_

Appendix table 6-19.
Patent classes most emphasized by inventors from Taiwan patenting in the United States: 181 and 1991

Activity index

Patent class Class number 1981 1991

Locks 70 0.000 9.401
Superconductor technology: Apparatus, material, process 505 0.000 9.401
Closure fasteners 292 0.000 8.735
Metallurgy 75 31.320 8.197
Amusement and exercising devices 272 0.000 8.062

Semiconductor device manufacturing process 437 0.000 7.093
Electricity, conductors and insulators 174 0.000 5.818
Electricity, circuit makers and breakers 200 0.000 5.420
Error detection/correction and fault detection/recovery 371 0.000 5.089
Electrical connectors 439 0.000 4.721

Brushing, scrubbing and genera! cleaning 15 0.000 4.572
Metal deforming 72 19.517 4.345
Illumination 362 0.000 4.342
Telephonic communications 379 0.000 4.089
Pumps 417 0.000 4.069

Plastic article or earthenware shaping or treating: ap 425 0.000 3.834
Coded data generation or conversion 341 0.000 3.799
Classification undetermined 1 0.000 3.571
Pulse or digital communications 375 0.000 3.179
Supports 248 0.000 3.138

Winding and reeling 242 0.000 3.073
Chemistry, inorganic 423 9.787 3.059
Movable or removable closures 49 0.000 2.732
Stoves and furnaces 126 0.000 2.732
Amusement devices, toys 446 28.350 2.732

Tools 81 0.000 2.654
Electric power conversion systems 363 0.000 2.568
Brakes 188 0.000 2.499
Metal fusion bonding 228 0.000 2.422
Communications, electrical 340 10.229 2.396

Supports. racks 211 0.000 2.360
Fishing, trapping and vermin destroying 43 0.000 2.201
Part of the class 520 series-synthetic resins or natural rubber 523 0.000 2.101

Part of the class 520 series-synthetic resins or natural rubber 525 0.000 2.075
Chairs and seats 297 0.000 2.070

Mineral oils: Processes and products 208 0.000 2.039
Electrical audio signal processing and systems 381 0.000 1.887
Radiation imagery chemistry-process, composition or products 430 0.000 1.850
Machine elements and mechanisms 74 0.000 1.781

Part of the class 532-570 series-organic compounds 568 0.000 1.558

Fluid sprinkling, spraying and diffusing 239 0.000 1.464
Compositions & Ceramic 501 0.000 1.426
Amusement devices, games 273 0.000 1.406
Package making 53 0.000 1.390
Receptacles 220 0.000 1.314

Electricity, motive power systems 318 0.000 1.311

Electric lamp and discharge devices, systems 315 0.000 1.224
Dynamic information storage or retrieval 369 0.000 1.175
Static information storage and retrieval 365 0.000 1.170
Electrical generator or motor structure 310 0.000 1.144

NOTES: The activity index is the percentage of the patents in a class that are granted to inventors from one country, divided by the percentage of all patents that have
inventors from that country in that year. Listing is limited to Patent and Trademark Office classes that received at least 200 patents from all countries in 1991.

SOURCE: Office of Information Systems. TAF Program. Patent and Trademark Office, "Country Activity Index Report, Corporate Patenting 1991," report prepared for
the fo,tional Science Foundation (Washington. DC: Sept. 1992).

See text table 6-3 Science 8 Engineering Indic .tors 1993
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Appendix tab;e 6-20.
Patent classes most emphasized by inventors from South Korea patenting in the United States: 1981 and 1991

Patent class Class number

Activity index

1981 1991

Electric lamp and discharge devices 313 0.000 21.374

Semiconductor device manufacturing process. . . 437 0.000 10.194

Static information storage and retrieval lag 0.000 9.010

Telephon;c communications 379 0.000 6.995

Pictorial communication; television 358 0.000 6.528

Electrical transmission or interconnection systems 307 0.000 6.517

Dynamic magnetic information storage or retrieval 360 0.000 6.131

Pulse or digital communications 375 0.000 4.079

Electric heating 219 0.000 3.741

Gas separation 55 0.000 3.726

Registers 235 0.000 3.666

Joints and connections 403 0.000 3.650

Multiplex communications 370 0.000 3.310

Electric lamp and discharge devices. systems 315 0.000 3.142

Active solid state devices, e.g.. transistors, solid state diodes 357 0.000 2.659

Error detection,correction and fault detection recovery . ........ . . 371 0.000 2.612

Sheet feeding or delivering 271 0.000 2.527

Metal fusion bonding . . . ............ . 228 0.000 2.486

Refrigeration 62 0.000 2.463

Winding and reeling .
242 0 000 2.366

Telecommunications 455 0.000 2.260

Part of the class 520 series-synthetic resins or natural rubber. . . ... 528 25.612 1.947

Electrical audio signal processing and systems 381 0.000 1.937

X-ray or gamma ray systems or devices 378 0.000 1.873

Optics. systems (including communication) and elements . 359 0.000 1.867

Dynamic information storage or retrieval 369 0.000 1.810

Metal treatment 148 0.000 1.802

Typewriting machines ......... . . . . 400 0.000 1.752

Electricity, electrical systems and devices .......... . ....... . 361 0.000 1.496

Compositions & Ceramic 501 0.000 1 464

Metallurgy 75 0.000 1 402

Stoves and furnaces 126 0.000 1.402

Amusement devices. toys 446 0.000 1.402

Land vehicle 280 0.000 1.380

Tools 81 0.000 1.362

Electricity, motive power systems 318 0.000 1.346

Part of the class 532-570 series-organic compounds 560 0.000 1.265

Chemistry. Analytical and immunological testing 436 0.000 1.243

Communications. electrical . . . ...... . . . . ....... 340 0.000 1.230

Part of the class 532-570 series-organic compounds . . 556 0.000 1.206

Amplifiers ...... ...... . . . 330 0.000 1.181

Coating processes 427 0.000 1.172

Part of the class 520 series-synthetic resins or natural rubber. 523 0.000 1.078

Chairs and seats . .
297 0 000 1.062

Special receptacle or package 206 ti 000 1.001

Coded data generation or conversion 341 0.000 0 975

Electricity, circuit makers and breakers . .
200 0 000 0.927

Animal husbandry. .
119 0.000 0.918

Machine elements and mechanisms. 74 0.000 0.914

Amusement devices. games . .
273 0.000 0.722

NOTES The aetivrty wider, is the percentage of the patents in a cl;ms that are granted to inventors from one c ountry divided by the percentage of all patents that have
inventors from that country in that year Listrng is gnited to Patent and Trademark Office classes Mat received at least 200 patents from all countries in 1991

SOIMCE Office of tnformat.on Systems TAF Program Parent and Trademark Office for rile Natronar Science Foundation (Washington DC Sept 1992)

See text table 6 3 Eno,neeriOg Indic,Itors 11193
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466 Appendix A. Appendix Tables

Appendix table 6-22.
Number of international patent families in robot technology, by year of patent application
and priority country: 1980-90

Total
United
States Japan

West
Germany

Priority country

Great
Britain France

East
Germany

South
Korea

Total 3 264 761 1,280 561 197 398 56 10

1980 117 21 52 26 4 14 0 NA
1981 152 31 41 26 15 28 10 NA
1982 219 52 114 26 15 12 0 NA
1983 301 88 109 52 16 26 10 NA
1984 333 57 145 79 28 24 0 0
1985 356 88 124 63 25 50 5 0
1986 382 109 145 63 14 46 5 0

1987 371 78 161 58 26 42 5 2

1988 428 98 150 68 19 76 15 0
1989 308 67 109 58 22 42 5 5

1990 298 72 130 42 13 38 0 3

NA = not available

NOTES: An international patent family is created when patent protection is sought outside of the priority country. Data are estimated from stratified
random sampling of database records.

SOURCE: World Patents Index database (London: Derwent Publications. LTD). special tabulations by Magee Research & Analysis Associates
under contract to the National Science Foundation.

See figure 6-23. Science & Engineering Indicators -1993

Appendix table 6-23.
Patent families, highly cited families, and citation ratios for robot technology, by priority country: 1981-90

Priority country

Number of Country Country
Number of highly cited share of share of Citation

families families' total highly cited ratio2

Percent

1981-85 period

Total 3,891 53 100.0 100.0 1.0

United States 745 5 19.1 9.6 0.5
Japan 1,606 36 41.3 67.5 1.6

West Germany 472 5 12.1 9.8 0.8
Great Britain 172 1 4.4 1.9 0.4
France 266 6 6.8 11.2 1.6

East Germany 612 0 15.7 0.0 0.0
South Korea 18 0 0.5 0.0 0.0

1986-90 period

Total 5,539 64 100.0 100.0 1.0

United States 1,061 26 19.2 40.5 2.1

Japan 2,533 26 45.7 40.5 0.9
West Germany 803 5 14.5 8.2 0.6
Great Britain 148 1 2.7 1.6 0.6
France 425 6 7.7 9.4 1.2

East Germany 546 0 9.9 0.0 0.0

South Korea 23 0 0.4 0.0 0.0

'A patent family was considered highly cited if the number of citations it received ranked it within the top 1 percent compared with all other robot
technology patent families.

'A citation ratio of greater than 1.0 indicates that a country has a higher share of highly cited patent families than would be expected basedon its
share of total families.

SOURCE: World Patents Index database (London Derwent Publications. LTD). special tabulations by Mogee Research & Analysis Associates
under contract to the National Science Foundation.

See text table 6-5 Science & Engineering Indicators -1993
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Appendix table 6-24.
Number of international patent families in genetic engineering, by year of patent application
and priority country: 1980-90

Total
United
States Japan

West
Germany

Priority country

Great
Britain France

East
Germany

South
Korea

Total 2,415 1,392 489 197 230 95 6 6

1930 25 18 3 0 4 0 0 0

1981 48 21 17 3 6 1 0 0

1982 87 64 8 4 10 1 0 0

1983 129 73 36 5 12 2 1 0

1984 185 109 52 9 11 3 1 0

1985 229 141 51 16 16 5 0 0

1986 206 97 57 17 20 11 1 3

1987 212 124 41 22 15 9 0 1

1988 370 206 59 39 46 17 2 1

1989 483 273 85 43 54 26 1 1

1990 441 266 80 39 36 20 0 0

NOTES: An international patent family is created when patent protection is sought outside of the priority country. Data are estimated from
stratified random sample of database records.

SOURCE: World Patents Index database (London: Derwent Publications. LTD), special tabulations by Mogee Research & Analysis Associates
under contract to the National Science Foundation.

See figure 6-24. Science & Engineering Indicators -1993

Appendix table 6-25.
Patent families, highly cited families, and citation ratios for genetic engineering,
by priority country: 1981-90

Priority country

Number of Country Country

Number of highly cited share of share of Citation

families families' total highly cited ratio2

Percent

1981-85 period

Total 1,036 11 100.0 100.0 1.0

United States 530 8 51.2 72.7 1.4

Japan 373 2 36.0 18.2 0.5

West Germany 40 0 3.9 0.0 0.0

Great Britain 57 1 5.5 9.1 1.7

France 17 0 1.6 0.0 0.0

East Germany 19 0 1.8 9.8 0.8

South Korea NA NA NA NA NA

1986-90 period

Total 3,020 35 100.0 100.0 1.0

United States 1,125 23 37.3 65.7 1.8

Japan 1.317 6 43.6 17.1 0.4

West Germany 196 0 6.5 0.0 0.0

Great Britain 184 5 6.1 14.3 2.3

France 99 1 3.3 2.9 0.9

East Germany 64 0 2.1 0.0 0.0

South Korea 35 0 1.2 0.0 0.0

NA .= not available

'A patent tatillty waq considered highly cited if the number of citations it received ranked it within the top 1 percent compared with all othergenetic

engineering patent families.

7A citation ratio of greater than 1.0 indicates that a country has a hiaher share of highly cited patent families than would be expected based on its

share of total families.

SOURCE. World Patents Index database (London- Derwent Publications. LTD), special tabulations by Mogee Research & Analysis Associates
under contract to the National Science Foundation.

See text table 6-8. Science & Engineering Indicators -1993
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468 Appendix A. Appendix Tables

Appendix table 6-26.
Number of international patent families in optical fiber technology, by year of patent application
and priority country: 1980-90

Total
United
States Japan

West
Germany

Priority country

Great
Britain France

East
Germany

South
Korea

Total 1.872 559 684 315 165 133 10 6

1980 61 23 14 10 5 9 0 NA
1981 95 32 39 10 9 5 0 NA
1982 104 37 42 12 6 7 0 NA
1983 114 35 39 22 11 6 0 1

1984 145 37 69 17 12 8 0 2
1985 . 195 46 72 44 22 10 1 0
1986 176 51 67 34 17 6 1 0
1987 236 59 102 35 15 20 5 0
1988 251 71 81 48 30 20 1 0
1989 234 83 74 38 19 16 2 2
1990 261 85 85 45 19 26 0 1

NA = not available

NOTES: An international patent family is created when patent protection is sought outside of the priority country. Data are estimated from stratified
random sample of database records.

SOURCE: World Patents Index database (London: Derwent Publications. LTD). special tabulations by Mogee Research & Analysis Associates under
contract to the National Science Foundation.

See figure 6-25. Science & Engineering Indicators -1993

Appendix table 6-27.
Patent families, highly cited families, and citation ratios for optical fiber technology,
by priority country: 1981-90

Priority country

Number Country
Number of of highly cited Country share share of Citation

families families1 of total highly cited ratio2

Percent

1981-85 period

Total 2,043 22 100.0 100.0 1.0
United States 368 8 18.0 36.4 2.0
Japan 1.299 12 63.6 54.5 0.9
West Germany 175 1 8.6 4.5 0.5
Great Britain 95 1 4.7 4.5 1.0
France 66 0 3.2 0.0 0.0
East Germany. . 37 0 1.8 0.0 0.0
South Korea 3 0 0.1 0.0 0.0

1986-90 period

Total 4,717 79 100.0 100.0 1.0
United States 718 31 15.2 39.2 2.6
Japan 3.245 25 68.8 31.6 0.5
West Germany 389 7 8.2 8.9 1.1

Great Britain 169 10 3.6 12.7 3.5
France 125 6 2.6 7.6 2 9
East Germany 66 0 1.4 0.0 0.0
South Korea 5 0 0.1 0.0 0.0

1A patent family was considered highly cited if the number of citations it received ranked it within the top 1 percent compared with all other optical fiber
technology patent families

2A citation ratio of greater than 1 0 indicates that a country has a higher share of highly cited patent families than would be expected based on its
share of total families

SOURCE: World Patents Index database (London Derwent Publications. LTD), special tabulations by Mogee Research & Analysis Associates under
contract to the National Science Foundation

See text table 6-11. Science & Engineering Indicators -1993
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Appendtx table 6-30.
Leading indicators of technological competitiveness for selected Asian countries

Country
National

commitment
Socioeconomic
infrastructure

Technological
infrastructure

Productive
capacity

Newly industrializing economies
.,

Standardized Z score

Hong Kong 1.254 0.949 (0.002) 0.273
South Korea 0.924 0.893 1.126 1.065

Singapore 0.983 0.826 1.086 1.023

Taiwan 0.921 1.170 1.226 1.159

Emerging Asian economies
China (1.214) (1.411) 0.384 (0.534)
India (0.425) (1.682) 0.275 0.227
Indonesia (0.847) (0.566) (1.160) (1.764)

Malaysia 0.385 (0.263) (0.368) 0.380

Other Asian economies
The Philippines (1.364) (0.179) (1.443) (0.652)
Thailand (0.616) (0.094) (1.124) (1.176)

NOTE: Scores were normalized to median values of zero for the 10 countries, based on surveys of expert opinion conducted in 1990 and
statistical data for the late 1980s.

SOURCE: J. David Roessner. The Capacity for Modernization Among Selected Nations of Asia and the Pacific Rim, final report prepared for
Joint Management Services. Inc. (Atlanta: Georgia Institute of Technology. 1992).

See figure 6-27. Science & Engineering Indicators 1993
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Appendix table 7-1.
Public interest in selected issues: 1979-92

Issue area Degree of interest 1979 1981 1983 1985 1988 1990 1992

Percent
Very 22 35 30 33 33 48 38

International and foreign policy Moderately 53 47 47 51 50 40 47

Not at all 24 18 22 16 16 12 15

Very 36 37 48 44 43 39 36

New scientific discoveries Moderately 49 45 40 44 46 48 49

Not at all 14 17 11 12 12 12 15

Use of new inventions and Very 33 33 42 39 40 39 37

technologies Moderately 51 50 45 49 48 49 53

Not at all 15 16 12 12 12 12 10

Very NA 25 27 29 34 26 22

Space exploration Moderately NA 44 45 46 44 48 50

Nof at all NA 31 28 25 22 26 28

Very 46 50 39 36 38 42 32

Energy:nuclear power' Moderately . 42 40 46 50 46 44 49

Not at all 11 10 14 13 16 14 18

Very NA NA NA 68 75 68 66

New medical discoveries Moderately . . NA NA NA 29 25 29 31

Not at all NA NA NA 3 3 3 3

Very NA NA NA NA NA 64 59

Environmontal pollution Moderately NA NA NA NA NA 31 36

Not at all NA NA NA NA NA 5 5

Economic issues and business Very 35 52 57 48 48 50 56

conditions Moderately 48 37 33 41 42 40 36

Not at all 17 10 10 11 10 10 8

N= 1,635 3,195 1,631 2,005 2,041 2,033 2,001

-There are a lot of issues in the news and it is hard to keep up with every area. I'm going to read you a short list of issues and for each oneas I read itI would like
you to tell me if you are very interested, moderately interested, or not at all interested

NA = not asked

NOTES: "Don't know" responses are not included. Percentages may not total 100 because of rounding.

'In 1988. 1990. and 1992, the question was worded. "... issues about the use of nuclear power to generate electricity.' In 1979 to 1985. the question was
worded ". issues about energy policy."

SOURCES: J.D. Miller and L.K. Pifer, PUDIIC Attitudes Toward Science and Technology. 1979-1992. Integrated Codebook (Chicago: International Center for the
Advancement of Scientific Literacy. Chicago Academy of Sciences. 1993). and unpublished tabulations.

See figure 7-1 Science & Engineering Indicators -1993
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Appendix table 7-3.
International comparisons of public interest In scientific and technological Issues: 1992

Appendix A. Appendix Tables
_

Public interest in

Region/country
New medical
discoveries

New inventions
and technologies

New scientific
discoveries

Environmental
pollution

... _ _ _ ----Percent

European Community 45 35 38 56 12,800

Belgium 36 28 29 42 1,000

Denmark 39 36 39 61 1,000

France 58 42 46 59 1,000

Germany 35 25 26 55 2,000

Greece 55 44 46 74 1,000

Ireland 37 30 29 39 1,000

Italy 45 39 45 65 1,000

Luxembourg 46 36 37 63 500

The Netherlands 57 44 41 63 1,000

Portugal 29 21 22 37 1,000

Spain 39 33 37 50 1,000

United Kingdom 51 39 41 50 1,300

Japan 31 16 13 36 1,457

United States 66 37 36 59 2,001

SOURCES: Commission of the European Communities, Europeans Science and Technology- Public Understanding and Attitudes [Eurobarorneter 38.11 (Brussels:

Commission of the European Communities, 1993). J.D. Miller and L.K. Pifer. Public Attitudes Toward Science and Technology, 1979-1992. Integrated Codebook

(Chicago: International Center for the Advancement of Scientific Literacy, Chicago Academy of Sciences, 1993), and National Institute of Science and Technology

Policy (Japan), Japan National Study, 1991 (Tokyo: NISTEP, 1992).

See figure 7-3 Science & Engineering Indicators -1993
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Appendix table 7-4.
Public informedness on selected issues: 1979-92

475

Issue area Degree of informedness 1979 1981 1983 1985 1988 1990 1992

Percent
Very well-informed 8 17 14 15 14 22 19

International and Moderately well-informed 54 54 51 53 55 57 54
foreign policy Not at all informed 37 28 35 32 31 22 26

Very well-informed 10 13 13 13 14 14 12

New scientific discoveries Moderately well-informed 52 49 53 59 55 55 54
Not at all informed 37 38 34 27 31 31 34

Use of new inventions Very well-informed 10 11 14 12 12 11 10

and technologies Moderately well-informed 50 48 55 54 51 53 56
Not at all informed 39 40 32 34 36 35 33

Very well-informed NA 14 13 16 13 11 9

Space exploration Moderately well-informed NA 46 52 52 52 51 48
Not at all informed NA 40 34 32 34 38 44

Very well-informed 18 23 19 16 13 12 10

Energy/nuclear power Moderately well-informed 58 56 56 55 47 50 43
Not at all informed 23 21 24 29 39 38 46

Very well-informed NA NA NA 24 22 24 22
New medical discoveries Moderately well-informed NA NA NA 57 59 57 58

Not at all informed NA NA NA 18 19 20 21

Very well-informed NA NA NA NA NA 32 29
Environmental pollution Moderately well-informed NA NA NA NA NA 55 56

Not at all informed NA NA NA NA NA 13 15

Economic issues and Very well-informed 14 29 28 22 22 25 29

business conditions Moderately well-informed 55 51 52 51 55 55 54

Not at all informed 31 20 20 26 22 20 17

N . 1,635 3,195 1,631 2,005 2,041 2,033 2,001

"There are a lot of issues in the news and it is hard to keep up with every area. I'm going to read you a short list of issues and for each oneas I read itI would like
you to tell me if you are very interested, moderately interested, or not at all interested.

"Now. I'd like to go through this list with you again and for each issue I'd like you to tell me if you are very well-informed, moderately well-informed, or poorly informed.

NA = not asked

NOTES: "Don't know" responses are not included. Percentages may not total 100 because of rounding.

'In 1988, 1990, and 1992, the question was worded "... issues about the use of nuclear power to generate electricity." In 1979 to 1985, the question was worded
".. . issues about energy policy."

SOURCES: J.D. Miller and L.K Pifer, Public Attitudes Toward Science and Technology, 1979-1992. Iniegrated Codebook (Chicago: International Center for the
Advancement of Scientific Literacy. Chicago Academy of Sciences. 1993), and unpublished tabulations.

See figure 7-1. Science & Engineenno Indicators -1993
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Appendix table 7-6.
International comparisons of public informedness on scientific and technological issues: 1992

Percent "very well informed" about

Region/country
New medical
discoveries

New inventions
and technologies

New scientific
discoveries

Environmental
pollution

Percent
European COmMunity 12 9 9 25 12,800

Belgium 14 11 9 24 1,000
Denmark 11 12 11 27 1,000
France 20 14 16 30 1,000
Germany 10 7 7 26 2,000
Greece 11 8 8 29 1,000
Ireland 8 8 7 14 1,000
Italy 11 9 9 28 1,000
Luxembourg 16 13 13 34 500
The Netherlands 15 12 10 31 1,000
Portugal 6 4 4 14 1,000
Spain 7 7 6 16 1,000
United Kingdom 13 11 10 23 1,300

Japan 5 2 2 8 1,457
United States 22 10 12 29 2,001

-There are a lot of issues in the news and it is hard to keep up with every area. I'm going to read you a short list of issues and for each one-as I read it-I would like
you to tell me if you are very interested, moderately interested, or not al all interested."

"Now I'd like to go through this list with you again and for each issue I'd like you to tell me if you are well-informed, moderately well-informed, or poorly informed."

SOURCES: Commission of the European Communities, Europeans. Science and Technology- Public Understanding arid Attitudes [Eurobarorneter 38.1] (Brussels:
Commission of the European Communities, 1993). J.D. Miller and L.K. Pifer, Public Attitudes Toward Science and Technology, 1979-1992, Integrated Codebook
(Chicago: International Center for the Advancement of Scientific Literacy. Chicago Academy of Sciences. 1993). and National Institute of Science and Technology
Policy (Japan). Japan National Study. 1991 (Tokyo: NISTEP, 19921

See figure 7-4. Science & Engineering Indicators -1993
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Appendix table 7-7.
Public attentiveness to selected issues: 1979-92

Appendix A. Appendix Tables

Issue area Degree of attentiveness 1979 1981 1983 1985 1988 1990 1992

Percent

Attentive public 6 6 8 8 8 14 11

International and Interested public 16 29 23 25 25 34 27

foreign policy Residual 78 65 70 67 67 52 62

Attentive public 7 9 9 8 8 8 7

New scientific Interested public 29 28 40 36 34 31 29

discoveries Residual 64 63 52 56 57 61 64

Use of new inventions Attentive public 6 8 8 8 7 7 6

and technologies interested public 27 26 34 31 33 32 30

Residual 67 67 58 61 60 61 63

Attentive public 9 12 13 12 11 11 10

Science and technology Interested public 37 35 48 44 42 40 40

Residual 54 54 39 45 46 49 50

Attentive public NA 7 7 9 8 6 5

Space exploration Interested public NA 18 20 20 26 20 17

Residual NA 75 73 71 66 74 78

Attentive public NA NA 15 NA 8 8 6

Energy/nuclear power' Interested public NA NA 25 NA 30 34 26

Residual NA NA 61 NA 62 58 68

Attentive public NA NA NA 17 16 16 17

New medical discoveries Inierested public NA NA NA 51 56 52 49

Rosidual NA NA NA 32 28 32 34

Attentive public NA NA NA NA NA 20 18

Environmental pollution Interested public NA NA NA NA NA 43 41

Residual NA NA NA NA NA 36 41

Economic issues and Attentive public 9 12 19 16 15 17 19

business conditions Interested public 26 40 38 32 33 34 38

Residual 65 48 43 52 52 50 44

N = 1,635 3,195 1,631 2,005 2,041 2,033 2,001

NA not available

NOTE: Percentages may not total 100 because of rounding.

In 1988.1990. and 1992. respondents were asked about their interest in, and informedness on ". . issues about the use of nuclear power to generate electricity." In

1979 to 1985. they were asked about " issues about energy policy."

SOURCES: J.D Miller and L.K. Pifer. Public Attitudes Toward Science and Technology. 1979-1992. Integrated Codebook (Chicago: InternationalCenter for the

Advancement of Scientific Literacy. Chicago Academy of Sciences, 1993). and unpublished tabulations.

See figure 7-1. Science & Engineering Indicators 1993

631



A
pp

en
di

x 
ta

bl
e 

7-
8

P
ub

lic
 a

tte
nt

iv
en

es
s 

to
 s

ci
en

tif
ic

 a
nd

 te
ch

no
lo

gi
ca

l i
ss

ue
s,

 b
y 

se
x 

an
d 

le
ve

l o
f e

du
ca

tio
n:

 1
99

2

S
ci

en
ce

S
ex

 a
nd

:e
ve

l o
f e

d.
ic

at
io

n
A

tte
nt

iv
e

In
te

l e
st

ed

T
ec

hn
ol

og
y

A
tte

nt
iv

e
In

te
re

st
ed

S
ci

en
ce

/te
ch

 p
ol

ic
y

A
tte

nt
iv

e
In

te
re

st
ed

M
ed

ic
in

e

A
tte

nt
iv

e
In

te
re

st
ed

P
er

ce
nt

S
pa

ce

A
tte

nt
iv

e
In

te
re

st
ed

N
uc

le
ar

 p
ow

er

A
tte

nt
iv

e
In

te
re

st
ed

E
nv

iro
nm

en
t

A
tte

nt
iv

e
In

te
re

st
ed

N

A
ll 

ad
ul

ts
7

29
6

31
10

40
17

49
5

17
6

26
18

41
2.

00
1

S
ex M

al
e

9
30

8
33

13
39

13
43

7
22

7
26

19
36

95
0

F
-e

ni
al

e
6

28
5

28
8

41
21

55
3

13
5

25
17

45
1.

05
1

1-
 L

iir
n,

u 
ed

uc
at

io
n

9 
ye

ar
s 

or
 le

ss
4

29
8

26
10

,,,
-4

12
63

3
16

6
32

13
49

19
6

10
 c

f 1
1 

ye
ar

s
8

24
6

40
9

51
18

52
2

21
9

30
19

42
20

7
H

ig
h 

sc
ho

ol
 d

eg
re

e
.

.
7

28
5

30
9

39
17

49
4

17
5

25
17

42
1,

20
2

C
ol

le
ge

 d
eg

re
e

8
35

(1
30

12
43

17
45

6
19

8
22

21
37

23
5

G
ra

du
at

e.
pr

of
es

si
on

al
de

gr
ee

12
32

11
29

16
37

22
35

11
15

6
21

24
30

16
1

S
el

en
e(

) 
fr

Ilt
rt

 e
du

ca
tio

n
lo

w
6

27
5

31
9

39
17

53
3

16
6

28
17

44
1,

17
5

-M
id

dl
e

7
28

5
30

8
41

14
48

4
19

4
23

15
40

46
7

A
lig

ti
.

12
36

11
31

16
42

20
39

9
18

8
22

26
34

35
8

N
( 

I 1
 F

.
I'i

tc
rit

ita
ir-

, ;
na

y 
no

t t
ot

al
 tO

O
 b

ec
au

se
 o

f r
ou

nd
in

g

-;
O

til
ir.

E
.S

.1
 1

) 
M

ill
er

 a
nd

 L
 K

 P
ife

r 
P

ub
lic

 A
tti

tu
de

s 
T

ow
ar

d 
S

ci
en

ce
 a

nd
 T

ec
hn

ol
og

y.
 1

97
9-

19
92

. I
nt

eg
ra

te
d 

C
od

eb
oo

k 
(C

hi
ca

go
: I

nt
er

na
tio

na
l C

en
te

r 
fo

r 
th

e 
A

dv
an

ce
m

en
t o

f S
ci

en
tif

ic
 L

ite
ra

cy
,C

hi
ca

go
 A

ca
de

m
y 

of
oi

.
un

pu
bl

is
he

d 
ta

bu
la

tio
ns

tio
e 

fii
iir

e 
7 

5
S

ci
en

ce
 &

 E
ng

in
ee

nn
g 

In
di

ca
to

rs
 -

19
93

3

63
3

63
2



480

Appendix table 7-9.
Public use of selected sources of information: 1992

Appendix A. Appendix Tables

Sea level r-.,f education
and attentiveness Newspaper

News
magazine

Science
magazine TV news

Radio
news

Public
library

Percent

All adults 56 28 9 95 64 42 2,001

Sex
63 30 12 95 66 37 950

Female 50 26 6 94 63 46 1,051

Vorrmy erlucat,on
9 jf:drS or less 44 8 2 97 51 21 196

10 0, 11 years 51 22 7 94 56 22 207

Hign scnool degree 51, 27 9 95 66 42 1,202

Coiiege degree 59 43 13 94 67 60 235

Cl,a,lilate professional degree 70 44 14 94 75 65 161

Sc.,e", , mall 4,..clucalior.
Loe,

t.1.0clio

53
58

20
36

7
8

95
95

61

69

30
52

1,175
467

I-110 62 42 17 93 69 65 358

Atten*..vonoss to sccnce technology policy
Attent:ve paboc 76 44 26 93 63 58 199

l,terestect puol.c 53 . 9 96 65 41 802

Rm,:ocioai 54 L. 5 94 64 39 999

' kte te read short lost of television shows and ask you to tell me whether you watch each show regularlythat is. most of the timeoccasionally. or not

I. 4 ''g tO!OV,5-0,, neWS show? An evening television news show? A late night television news show?

fit, 4., vO read a newspaper every day a few times a week once a week, or less than once a week?

A,,, ruagazincs that you read regularly Itrat is. most of the time? Are there any others that you read occasionally?

; av,',-1QP ad, ,irout how many hours would you say that you listen to a radio? About now many of those hours are news reports ci news shows'

ask you about your use of Museums ZOOS. and similar institutions l am going to read you a short list of places and ask you to tell me how many limes
r e. cn type of place during (he last year. that Is. the last 12 months. I! you did not visit any given place, just say none. A public library.' How many times did

r dui ne the last year^

lc)! F S Do- I moe. tesuur,ses are not included Percentages may not total 100 because of rounding.

ScuRCES J D (line, and L K Rfer Public Attitudes Toward Science and Technology. 1979-1992. integrated Codebook (Chicago: International Center for the

All ro .ent,tur literacy Cn.cago Academy of Sciences. 19931. and unpublished tabulations.

I,t-at, Science & Engineerina Indicators -1993
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Appendix table 7-10.
Primary sources of information about health: 1992

Sex, level of education, and attentiveness TV Newspapers Doctors Magazines

Percent

All adults 32 19 14 13 3,111

Sex
Male 31 22 14 10 1,490

Female 33 16 16 15 1,621

Formal education
9 years or less 33 7 25 7 346

10 or 11 years 30 10 25 9 338

High school degree 35 20 12 13 1,818

College degree 25 26 9 13 414

Graduate/professional degree 23 21 12 27 195

Science/math education
Low 34 15 17 12 1,743

Middle 32 23 10 11 853

High 22 24 12 19 515

Attentiveness to science/technology policy
Attentive public 24 14 16 16 247

Interested public 32 19 14 13 1,261

Residual 33 19 15 12 1,601

"Now, let me ask you to think about news or information about health and medicine. What is your most important source of information about health and medicine?"

NOTES: "Don't know" responses are not included. Percentages may not total 100 because of rounding.

SOURCES: J.D. Miller and L.K. Pifer, Public Attitudes Toward Science and Technology, 1979-1992, Integrated Codebook (Chicago: International Center for the
Advancement of Scientific Literacy, Chicago Academy of Sciences, 1993), and unpublished tabulations.

See figure 7-7. Science & Engineering Indicators 199S
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Appendix table 7-11.
Comparisons of public levels of trust in news sources for selected health issues: 1992

Appendix A. Appendix Tables

Sex, level of education, and attentiveness A

Percentage with a high level of trust

Heart disease

All adults 16 46 28 12 76 54 67 1,483

Sex
Male 15 45 26 9 77 58 66 675
Female 18 47 31 15 75 51 67 808

Formal education
9 years or less 26 24 36 25 62 31 48 172
10 or 11 years 19 50 44 20 83 44 64 153
High school degree 14 49 25 10 76 86 68 854
College degree 14 48 22 6 78 64 74 211

Graduate,professional degree . 23 45 31 6 75 74 84 94

Sciences math education
Low 17 43 32 15 74 46 61 816
Middle 17 55 27 10 79 59 72 432
High 14 42 19 7 75 74 77 235

Attentiveness to scienceitechnology policy
Attentive public 15 44 26 15 80 73 73 132
Interested public 17 48 31 11 72 58 69 572
Residual 16 44 27 12 78 48 64 779

Weight loss

All adults 8 27 17 9 69 39 56 1.628

Sex
Male 8 26 17 5 72 38 54 815
Female 8 28 18 14 67 40 58 813

Formal education
9 years or less 3 8 16 13 46 28 36 174

10 or 11 years 12 15 23 14 57 19 47 186
High school degree 7 28 18 10 73 41 58 964
College degree 13 42 18 3 77 46 69 203
Graduate/professional degree 6 35 4 3 81 59 67 101

Scienceimath education
Low 7 20 20 12 64 35 49 927
Middle 10 31 15 6 76 42 64 421

High 9 43 13 6 79 49 67 280

Attentiveness to science technology policy
Attentive public 12 38 22 6 71 53 70 115

Interested public 11 29 19 11 75 46 62 690
Residual 5 23 16 8 64 32 49 823

Earlier we talked about the sources from which you get your information about various issues. Now. I would like to ask you to tell mehow much confidence or trust
you would have in various kinds of information about heart disease (losing weight). Let me read you a short list of news sources that might include some information
about heart disease (losing weight), and, for each one. I would like you to tell me if you have a high level of confidence in information from that source, a moderate
level of confidence, or a low level of confidence

A - A story in your local newspaper
B = An article in Time or Newsweek
C = A story on the evening television news
D = A television talk show like the Oprah Winfrey Show or the Phil Donahue Show
E = A conversation with your physician
F = An article by a scientist
G = A report from the National Institutes of Health

NOTES. 'Don't know' responses are not included Percentages may not total 100 because of rounding.

SOURCES J.D. Miller and L.K. Pifer, Public Attitudes Toward Science and Technology. 1979-1992. Integrated Codebook (Chicago International Center for the
Advancement of Scientific Literacy, Chicago Academy of Sciences. 19931. and unpublished tabulations

See figure 7-8 Science & Engineering Indicators -1993
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Appendix table 7-13.
Responses to and mean scores on the Attitude Toward Organized Science Scale: 1983-92

1983 1985 1988 1990 1992

Percentage of public
Agree that "science and technology are making our lives healthier,
easier and more comfortable" 84 86 87 84 85

Agree that "the benefits of science are greater than any
harmful effects" 57 68 76 72 73

Disagree that "science makes our way of life change too fast" . . . . 50 53 59 EO 63

Disagree that "we depend too much on science and not enough
on faith" 43 39 43 44 45

Mean ATOSS score

All adults 2.3 2.5 2.7 2.6 2.7

Sex
Male 2.2 2.4 2.6 2.5 2.7

Female 2.5 2.6 2.8 2.8 2.6

Formal education
11 years or less 1.8 1.8 2.2 1.8 2.0

High school degree 2.4 2.6 2.8 2.7 2.7

College degree 2.8 3.1 3.2 3.2 3.2

Graduate/professional degree 2.9 3.1 3.1 3.2 3.3

Attentiveness to science/technology policy
Attentive public 2.6 2.8 3.0 2.8 2.9

Interested public 2.4 2.6 2.8 2.7 2.8

Residual 2.1 2.3 2.5 2.5 2.5

N = 1,631 2,005 2,041 2,033 2,001

"Now I would like to read you t,"me statements like those you might find in a newspaper or magazine article. For each statement, please tellme if you generally

agree or disagree. If you feel especially strongly about a statement, please tell me that you strongly agree or strongly disagree."

ATOSS = Attitute Toward Organized Science Scale

SOUFICES. J D. Miller and L.K. Pifer, Public Attitudes Toward Science and Technology, 1979-1992, Integrated Codebook (Chicago: International Center for the
Advancement of Scientific Literacy, Chicago Academy of Sciences, 1993), and unpublished tabulations,

See text table 7-2. Science & Engineering Indicators -1993
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Appsndix table 7-14.
International comparisons of public attitudes toward science and technology: 1992

Region/country A

Percentage agreeing

European Community 83 48 19 80 54 61 55 6.418

Belgium 76 37 20 77 59 51 48 495

Denmark 86 46 17 81 19 69 62 511

France 84 44 14 86 49 63 48 505

Germany 86 48 24 75 70 60 62 1.001

Greece 83 63 23 86 53 61 89 500

Ireland 76 48 16 75 41 63 48 495

Italy 80 45 19 82 56 62 54 491

Luxembourg 76 46 24 78 57 55 59 257

The Netherlands 85 44 19 84 80 50 58 479

Portugal 76 61 24 69 49 60 66 505

Spain 81 53 17 71 42 67 65 497

United Kingdom 85 49 17 83 40 61 47 674

Japan NA 70 43 86 NA 40 57 1,457

United States 84 48 39 76 38 73 38 2,001

A "Science and technology are making our lives healthier, easier, and more comfortable.''
B "We depend too much on science and not enough on fz,th.
C "On balance, computers and factory automation will create more jobs than they eliminate.'
D "Even if it brings no immediate benefits, scientific research which advances the frontiers of knowledge is necessary and should be supported by the government."
E "New inventions will always oe found to counteract any harmful consequences of technological development."
F "The benefits of science are greater than any harmful effects."
G "Science and technology make our way of We change too fast."

NA = not asked

SOURCES: Commission of the European Communities, Europeans. Science and Technology Public Understanding and Attitudes [Eurobarometer 38.:1 (Brussels:
Commission of the European Communities, 1993). J.D. Miller and L.K. Pifer. Public Attitudes Toward Science and Technology. 1979-1992. Integrated Codebook
(Chicago: International Center for the Advancement of Scientific Literacy. Chicago Academy of Sciences, 1993). and National Institute of Science and Technology
Policy (Japan), Japan National Study, 1991 (Tokyo: NISTEP, 1992).

See figure 7-14.

Appendix table 7-15.
Public attitudes toward scientists and scientific research: 1992

Science & Engineering Indicators -1993

Sex, level of education, and attentiveness A

. Percentage agreeing

All adults 63 52 79 3,111

Sex
Male 64 54 78 1.490

Female 62 51 80 1.621

Formal education
9 years or less 44 68 80 346

10 or 11 years 68 56 80 338

High school degree 64 54 79 1,818

College degree 67 38 77 414

Graduate/professional degree 72 38 78 195

Scienceimath education
Low 59 59 80 1.743

Middle 66 45 78 853

High 71 43 76 515

Attentiveness to scienceitechnology policy
Attentive public 69 54 79 247

Interested public 62 50 82 1.261

Residual 63 54 76 1.602

A "The fact that scientists repeat and check each other's work effectively prevent5 fraud or cheating by scr2ntists

B "Many scientists make up or falsify research results to advance their careers or make money

C "Most scientists want to work on things that will make life better for the average person

SOURCES. J.D Miller and L K Pifer. Public Altitudes Toward Science and Technology 1979-1992. lnleg,ated Codebook tChicago International Center for the

Advancement of Scientific Literacy, Chicago Academy of Sciences. 10931. and unpublished tabulations

See figure 7-10 Science & Enginwring Indecdtors -1993



486 Appendix A. Appendix Tables

Appendix table 7-16.
Public assessment of the likelihood of certain results from science and technology: 1992

Sex, level of education, and attentiveness A

Percentage finding result very likely

All adults 26 44 48 45 40 46 3.111

Sex
Male 29 45 50 47 43 43 1,490
Female 22 44 46 43 38 49 1.621

Formal education
9 years or less 37 35 47 35 35 39 346
10 or 11 years 28 41 40 42 42 47 338
High school degree 23 44 50 47 42 50 1,818
College degree. 27 52 45 47 36 38 414
Graduate/professional degree 20 53 50 48 44 43 195

Science/math education
Low 27 42 48 45 41 48 1,743
Middle 22 45 48 45 39 46 853
High 26 52 48 45 40 41 515

Attentiveness to science/technology policy
Attentive public 28 54 43 50 49 38 247
Interested public 30 48 51 50 42 48 1.261
Residual 22 40 46 40 38 46 1.602

"Now let me ask you to think about the long-term future. I am going to read you a list of possible results and ask you how likely you think it is that each of these
results will occur in the next 25 years or so."

A "The accidental release of a dangerous manmade organism that could contaminate the environment."
B "The development of medical technologies that will extend the average age of Americans to approximately 90 years."
C "A major nuclear power plant accident."
D "A cure for the common forms of cancer
E "A vaccine for the disease AIDS."
F -A significant deterioration in the quality of our environment

SOURCES: J.D Miller and LK Pifer. Public Attitudes Toward Science and Technology. 1979-1992. Integrated Codebook (Chicago. International Center tor the
Advancement of Scientific Literacy, Chicago Academy of Sciences. 1993). and unpublished tabulations.

See figure 7-11 Science & Engineering Indicators -1993
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Appendix table 7-18.
Public assessment of the benefits/harms of scientific research: 1979-92

Benefits Benefits Benefits Harms Harms

Sex, level of education, strongly exceed equal exceed strongly

and attentiveness Year exceed harms harms harms benefits exceed benefits N

All adults

Male

Female

Percent

1979 46 23 21 6 4 1,635

1981 42 28 13 12 5 1,536

1985 44 24 13 13 6 2,005

1988 53 22 13 8 4 1,042

1990 47 23 17 10 3 2,033

1992 42 31 11 12 5 997

1979 51 22 17 6 3 773

1981 48 27 11 10 5 724

1985 48 22 11 13 6 950

1988 56 22 11 7 4 498

1990 ........ 54 23 10 9 4 964

1992 45 30 9 11 5 464

1979 42 24 25 6 4 862

1981 37 28 16 14 5 812

1985 .... 40 25 15 14 6 1,054

1988 51 21 5 9 4 544

1990 40 23 23 11 3 1,070

1992 40 31 13 12 4 533

1979 26 23 36 10 6 465

1981 26 23 25 18 9 385

11 years or less 1985 20 21 27 19 13 507

formal education 1988 33 24 22 15 6 293

1990 24 23 33 16 4 495

1992 24 33 17 20 7 215

High school degree

College degree

1979 50 25 15 5 3 932

1981 43 31 10 12 4 886

1985 47 25 11 13 4 1.143

1988 56 23 11 6 4 574

1990 49 25 13 10 3 1,179

1992 41 32 10 12 5 579

1979 69 17 9 2 3 238

1981 64 22 7 4 2 264

1985 67 22 3 6 2 349

1988 79 14 4 2 1 175

1990 70 18 8 3 1 359

1992 66 22 8 3 2 203

Attentive public 1988 60 26 4 5 3 81

for new scientific 1990 61 19 12 5 3 168

discoveries 1992 48 27 12 9 4 94

"People have frequently noted that scientific research has produced botn beneficial and harmful consequences. Would you say that, on balance. the benefits of
scientific research have outweighed the harmful results, or have the harmful results of scientific research been greater than its benefits?

Wouid you say that the balance has been strongly in favor of beneficial results, or only slightly? Would you say that the balance has been strongly in favor of harmful

results, or only slightly?'

N0TE "Don t know" responses are not included.

'Offered as a response category for the first time in 1990. in prior years. volunteered by respondent

SOURCES J D Miller and L K Pifer. Public Attitudes Toward Science. 1979-1992. Integrated Codebook (Chicago International Center lor the Advancement of

Scientific Literacy. Chicago Academy of Sciences. 19931. and unpublished tabulations

See figure 7-13 Science & Engineenng Indicators -1993
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Appendix table 7-19.
Public preferences for spending in the United States: 1981-92

Problem area Government is spending 1981 1983 1985 1988 1990 1992

Percent
Exploring space Too little . . . 18 17 9 17 9 12

Too much . 43 39 45 42 52 50

Reducing pollution Too little . . 52 54 69 76 76 72
Too much 14 11 6 4 5 7

Improving health care Too little . . 61 NA 68 68 75 79

Too much 6 NA 3 2 3 5

Scientific research Too little 31 NA 29 34 30 34
Too much 18 NA 18 15 16 19

Improving education Too little 62 71 73 76 77 81

Too much 6 5 3 4 4 4

Helping older people Too little 73 NA 72 76 75 73

Too much 3 NA 3 2 2 4

Improving national defense Too little ... 33 19 11 11 15 15

Too much 26 47 50 53 40 40

Helping low-income persons Too little 45 NA 54 55 57 56
Too much 24 NA 13 12 15 17

N z 1.659 1.631 2.005 2.041 2.033 2.001

'We are faced with many problems in this country I'm going to name some of these problems and lor each one. I d like you to tell mei, you think that the
government is spending too little money on it. about the right amount or too much

NA = not asked

NOTE The Improving national defense question was asked on a split ballot in 1988 therefore N 1.013

SOURCES j.D Miller and L K Pifer. Public Attitudes Toward Science and Technology. 7979-92. Integrated Codebook iChicago Internationat Center tor the
Advancement of Scientific Literacy Chicago Academy of Sciences 19931. and unpublished tabulations

See figure 7-15 Science & Engineenng Indicators 1993
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Appendix table 7-23.
Public knowledge of biomedical topics: 1993

Sex, level of education.
and attentiveness A B C D E F G H I j N

Percentage answering correctly

All adults 59 42 77 46 82 56 41 73 78 64 3.111

Sex
Male 62 39 77 44 84 53 47 73 78 68 1.490
Female 56 45 76 48 80 59 35 72 77 59 1.621

Formal education
9 years or less 35 11 82 21 48 60 35 44 49 54 346
10 or 11 years 38 35 83 27 72 57 28 50 76 57 338
Hiah school degree 62 45 76 48 86 52 39 78 81 63 1.818
College degree 75 54 72 62 93 65 52 87 83 71 414
Graduate/professional degree.. 82 62 70 74 98 76 65 83 85 84 195

Science'math education
Low 48 34 80 38 74 51 34 64 73 59 1.743
Middle 68 49 74 51 89 58 46 81 83 66 853
High 82 59 71 68 96 70 55 87 85 76 515

Attentiveness to science/technology
Attentive public 69 42 72 57 85 56 51 80 81 72 247
Interested public 62 42 78 44 82 59 41 69 77 67 1.261

Residual 55 43 77 46 81 54 39 74 77 60 1.602

A "DNA regulates inherited characteristics for all plants and animals "(True)
8 "Human beings can survive on almost any combination of foods, provided that the total diet includes enough calories."IFalse)
C "The body's immune system protects us from bacteria as well as viruses. "(True)
D "Senility is inevitable as the brain ages and loses tissue."(False)
E "All bacteria are harmful to humans."(False)
F "In general, to be effective, a vaccine must be administered before an infection occurs."(True)
G "Human beings, as we know them today. developed from earlier species of animals." (True)
H -Intelligence in humans is related to the size of the brain."(False)
I -The human immune system has no defense against viruses."(False)
J "The process of evolution is continuing today. "(True)

SOURCES: J.D Miller and L.K. Pifer Public Attitudes Toward Science and Technology. 1979-1992. Integrated Codebook (Chicago: International Center for the
Advancement of Scientific Literacy. Chicago Academy of ;ciences. 1993). and National Institute of Science and unpublished tabulations.

See figure 7-18 Science & Engineering Indicators -199
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Appendix table 7-24.
Public understanding of the cause of acid rain: 1992

Sex, level of education,
and attentiveness

Gave
scientifically

correct explanation
of cause

Gave
general

description
of cause

Linked
cause

to pollution

Percent--

All adults 8 5 37 997

Sex
Male 14 8 34 464

Female 2 2 40 533

Formal education
9 years or less 5 2 19 102

10 or 11 years 0 5 30 113

High school degree 7 3 40 579

College degree 15 11 41 130

Graduate/professional degree 18 11 44 72

Science/math education
Low 4 4 35 593

Middle 8 2 42 224

High 19 12 38 180

Attentiveness to science/technology
Attentive public 13 8 38 94

Interested public 9 4 40 385

Residual 5 4 34 518

'When you read or hear the term 'acid rain.' do you have a clear understanding of what it means, a general sense of what it means, cr little understanding of what it
means?"

"What do you believe is the primary cause of acid rain?"[Asked if respondents said they had a clear or general understanding of acid rain.]

SOURCES: J.D. Miller and L.K. Pifer. Public Attitudes Toward Science and Technology, 1979-1992. Integrated Codebook (Chicago: International Center for the
Advancement of Scientific Literacy, Chicago Academy of Sciences. 1993). and unpublished tabulations.

See figure 7-19. Science & Engineering Indicators 1993
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Appendix table 7-25.
Public understanding of the ozone layer: 1992

495

Sex, level of education. Understood
and attentiveness thinning Knew location Knew harms

Percent

All adults 26 7 42 997

Sex
Male . 31 10 50 464

Female 21 4 35 533

Formal education
9 years or less 10 2 27 102

10 or 11 years 26 2 30 113

High school degree 24 6 40 579

College degree 37 15 61 130

Graduate/professional degree 44 14 56 72

Science/math education
Low 20 5 35 593

Middle 29 7 46 224

High 41 16 57 180

Attentiveness to science/teckmology policy
Attentive public 51 14 60 94

Interested public 28 7 45 385

Residual 20 6 36 518

"Please tell me. in your own words, why there is a hole in the ozone layer?

-Do you know where the hole is located7 Where is it located?

'So far as you know, are there any harms or dangers that might result from a hole in the ozone ..,yer?"

SOURCES: J D. Miller and L.K. Pifer. Public Attitudes Toward Science and Technology 7979-1992. Integrated Codebook Chicago International Center for the
Advancement of Scientific Literacy, Chicago Academy of Sciences. 1993i, and unpublished tabulations.

See figure 7-19 Science & Engineering Indicators 1993
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Appendix table 7-26.
Public knowledge of selected environmental concepts: 1992

Hole in
Sex. level of education. ozone layer can
and attentiveness cause skin cancer

Greenhouse
effect can raise

sea level

Acid rain
causes damage

to forests

Car emissions
are not related

to acid rain

Percentage agreeing

All adults 73 45 89 16 1.004

Sex
Male . 72 54 91 16 486
Female 75 37 87 16 518

Formal education
9 years or less 62 43 82 20 94

10 or 11 years . . . ... 68 40 82 17 94

High school degree . . . . 76 42 90 16 623

College degree . . . ......... . 69 55 92 13 104

Graduate professional degree 75 60 95 13 89

Science math education
Low 71 41 86 17 582

Middle 77 43 92 15 244

High 77 60 95 12 178

Attentiveness to science technology policy
Attentive public . . . ......... F., 61 84 17 105

Interested public . . 71 45 91 18 417

Residual . 76 41 88 14 481

Could you please tell me if you think the following statements are true or false 2 tAll statements are true.1

SOURCES J D Miller and L K. Pifer. Public Attitudes Toward Science and Technology. 1979-1992. Integrated Codebook (Chicago: international Center tor the
Advancement ol Scientfic Literacy Chicago Academy of Sciences 19931. and unpublished tabulations

See figure 7.-19 Science & Engineering Indicators -1993
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Appencitx table 7-27.
Understanding of selected scientific concepts by high school seniors: 1990 and 1993

497

Concept

Human beings, as we know them today, developed
from earlier species of animals.

Smoking causes serious health problems.

In the entire universe, it is likely that there
are thousands of planets like our own on which
life could have developed.

The continents on which we live have been moving
their location for millions of years and will
continue to move in the future.

Some numbers are especially lucky for me.

A scientific theory is a scientist's best
understanding of how something works.

All scientific theories change from time to
time as scientists improve their understanding
of nature.

Response 1990

Seniors

1993

Percent

Agree 39 33

Disagree 24 24

Undecided 37 43

Agree 80 75

Disagree 4 3

Undecided 16 23

Agree 47 44
Disagree 9 8

Undecided 44 48

Agree 63 57

Disagree 5 4

Undecided 32 39

Agree 22 26

Disagree 44 37
Undecided 34 37

Agree 64 61

Disagree 7 7

Undecided 29 32

Agree 70 64
Disagree 4 4
Undecided 26 32

N = 1.751 1,650

SOURCE: J D Miller and L.K. Pifer. Longitudinal Study of American Youth fDeKalb. IL. Social Science Research Institute Northern Illinois University. 1993), special
tabulations

See figure 7-20 Science & Engineering Indicators -1993
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Appendix table 7-28.
Attitudes toward science and technology among high school seniors: 1990 and 1993

Statement

Scientific invention is largely responsible for
our standard of living in the United States.

Overall, science and technology have caused more
good than harm.

On balance, computers and factory automation
will create more jobs than they will eliminate.

One trouble with science is that it makes our
way of life change too fast.

New inventions will always be found to counteract
any harmful consequences of technological
development.

In this complicated world of ours, the only way
we can know what is going on is to rely on
leaders and experts who can be trusted.

Scientific researchers are dedicated people
who work for the good of humanity.

Because of their knowledge. scientific
researchers have a power that makes them
dangerous.

Response 1990

Seniors

1993

Percent

Agree 68 62
Disagree 3 3

Undecided 29 35

Agree 47 44
Disagree 19 19

Undecided 34 37

Agree 33 26
Disagree 18 22
Undecided 49 52

Agree 26 24

Disagree 33 31

Undecided 41 45

Agree 32 25
Disagree 20 20
Undecided 48 55

Agree 33 28
Disagree 29 28
Undecided 38 44

Agree 52 43
Disagree 7 9

Undecided 41 48

Agree 27 26
Disagree 32 30
Undecided 41 44

N . 1.751 1,650

SOURCE J D Mi Her and L K Pifer. Longitudinal Study of American Youth De Kalb. IL: Social Science Research Institute. Northern Illinois University, 1993), special
tabulations.

See f;gure 7-21 Science & Engineering Indicators -1993
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Geology, undergraduate instruction by type

of faculty, 43, 257
Germany

assessment of scientific research, 206, 485
export market share, 163, 440-446
GDP, 158, 437-439
high-tech exports, 163, 440-446
import penetration of high-tech markets,

165, 440-446
informedness on scientific issues. 2(X), 477
interest in scientific issues, 199, 474
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Germany (Cont.

NS&E first degrees awarded in, 37, 38,
251, 253

patents
awarded to nonresident inventors, 176,

177, 455, 464-465
genetic engineering, 181, 182, 467
optical fibers, 183, 184, 468
robot technology, 179, 180, 466
U.S. paient classes most emphasized,

174, 175, 458
U.S. patents granted to, 172, 455

R&D
as a percentage of GDP, 101, 375-376
employment by affiliates of U.S. compa-

nies in. 69, 310
expenditures, 99, 100, 330, 377-378
Lcilities located in the U.S., 127
industrial, 169, 171. 453
nondefense, as a percentage of U.S.

spending, 101, 376
performed for affiliates of U.S. compa-

nies in, 125
performed in the U.S. by affiliates of

companies in, 126
portion of industrial R&D financed from

foreign sources, 126, 383
ratio of R&D scientists and engineers to

workers in the general labor force, 81,
328

support, 106, 379
ratio of exports to production for all manu-

facturers, 162, 440-446
royalties and fees from exchange of indus-

trial processes, 168, 450
scientific term and concept knowledge,

208, 492
social sciences first degrees awarded in,

37, 252
technical education in, 46

Global marketplace
exports share of total manufacturing,

162-163, 440-446
global competitiveness of individual indus-

tries, 161-162. 440-446
high-tech industries and. 159
highlights. 156
home market, 165-167, 440-448
import penetration, 165-167, 440-448
importance of high-tech production. 159-160,

440-446
OECD high-tech industries, 159,160,440 116
royalties and fees from intellectual prop-

erty. 167, 168. 449-450
share of world markets, 160-161, 440-446
U.S. trade balance, 163-165, 440-446

Graduate education. See Education, graduate
Graduate students. See Students, graduate
Great Britain. See United Kingdom
Greece

assessment of scientific research, 206, 485
informedness on scientific issues. 200, 477
interest in scientific issues, 199, 474

Gross domestic product (GD1-), 89, 158, 329,
437-439

Gross domestic product (GDP) implicit price
deflator, 89n. 329
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Health and Human Services, Departnwnt of
(HHS)

funding for FCCSET initiatives, 113, 359
R&D support. 104, 107, 108, 109, 111,

340-346, 349, 355
Health R&D, 105
HHS. See Health and Human Services,

Deparunent of (HHS)
High-technology industries

Asian high-tech competitors, new, 186-190,
471

exlxrts shan. of total manlacturing, 162-163,
440-446

global competitiveness of individual indus-
tries, 161-162, 440-446

global marketplace and, 159
global production of manufactured prod-

ucts, 160, 440-446
highlights, 157
home market, 165-167, 440-448
import penetration, 165-167, 440-448
importance of high-tech production, 159-160,

440-446
leading indicators of national competitive-

ness, 186-190, 471
OECD, 159, 160, 440-446
royalties and fees from intellectual property,

167, 168. 449-450
share of worki markets, 160-161, 440-446
small business

foreign ownership of U.S. high-tech
companies, 186. 470

highlights, 157
trends in new U.S. startups, 185-186, 469

U.S. trade balance. 163-165. 440-446
Higher education. See Education, graduate

and undergraduate
Hispanic Americans

academic employment and R&D involve-
ment of doctoral scientists and engi-
neers, 146, 409-411

degrees, bachelors, 49, 274-277
graduate enrollments in S&E, 51, 279
precollege. students

NAEP math test scores. 6, 225-227
NAEP science test scores, 7, 228-230
SAT math scores, 15. 244-245
standardized tests and. 28

proportions of doctoral S&E workforce, 81
representation in S&E labor lorce, 82, 322

Hong Kong, competitive ess assessment,
188, 189. 190, 471

Human resources. See Science and engineer-
ing (S&E), work force

Hungary
NS&E first degrees awarded in. 37. 251
social sciences first degrees awarded in, 37,

252

IAEI' (International Assessment of Educational
Progress), 16-17

Import penetration, 165-167, 440-448
Independent Research and Development

(IR&D). 114-115, 360
India

competitiveness assessment, 188, 189,
190, 471

NS&E first degrees awarded in, 37, 251

India (Cont.)
patents awarded to nonresident inventors,

177, 464-465
social sciences first degrees awarded in,

37, 252
students in U.S. universities, 53

Indonesia, competitiveness assessment, 188,
189, 190, 471

Industrial engineering
degrees, bachelors, by gender, 80
employment rates, 72
manufacturing jobs, 62, 301-303

Industrial R&D
expenditures by source, 117, 331-332
funding by source and industry. 119, 369-374
international comparisoas, 168-171, 451-454
international trends, 156-157
support of R&D at specific academic insti-

tutions. 136-137. 393-395
U.S. industry overseas. '23-124, 380-382

Industrial science and eogineering (S&E)
employment, 62-64, 301-306

Industrial support of R&D at specific aca-
demic institutions, 136-137, 393-395

Industry-government interactions, 117-120,
331-332, 368-274

In,justry-industry partnerships, 122-127.
380-386

Industry linkages for R&D
industry-government interactions, 117-120,

331-332. 368-374
industry-industry partnerships, 122-127,

380-386
industry-university partnerships, 120-122
overview, 116-117

Industry-university coauthorship, 151-152,
429

Informedness on S&T issues, 196, 198-199.
200, 475-477

Intellectual property, royalties and fees from,
167, 168, 449-450

Interest in S&T issues, 195-199, 472-476
International Assessment of Educational

Progress (MEP). 16-17
International coauthorship, 151. 426
International comparisons

Asian high-tech competitors, new, 186-190,
471

economic, 158, 437-439
first university degrees, 36-38, 251-253
foreign ownership of U.S. high-tech com-

panies, 186, 470
GDP. 158, 437-439
general attitudes toward S&T, 203, 485
infonnedness on S&T issues, 199. 200, 477
interest in S&T issues, 198, 199, 474
international coauthorship, 151. 426
precollege students, math and science

achievement, 16-17
precollege teachers, 19-21, 23-24
R&I), 97-101, 103-104, 106, 375-379

industrial. 156-157, 168-171, 451-454
S&E workforce, 84-85, 325-328
S&T benefits and costs, 205-206. 485
understanding of scientific terms and con-

cepts, 207-208, 492
International markets for technology. See
Global marketplace

f; 6

International strategic technology alliances,
123, 383

Inventions, patented. See Patents
IR&D (Independent Research and Develop-

ment), 114-115, 360
Ireland

assessment of scientific research, 206. 485
informedness on scientific issues, 200,

477
interest in scientific issues, 199, 474
R&D performed for affiliates r; u.S. com-

panies in, 125
scientific term and concept knowledge,

208, 492
Italy

assessment of scientific research, 206, 485
informedness on scientific issue's, 200, 477
interest in scientific issues. 199, 474
patents awarded to nonresident inventors,

176, 177, 455, 464-465

R&Das a percentage. of GDP, 101, 375-376
employment by affiliate's of U.S. compa-

nies in, 69. 310
expenditures, 100. 377-378
industrial. 169
nondefense as a percentage of U.S.

spending, 101, 376
performed for affiliates of U.S. compa-

nies in, 125
portion of industrial R&D financed from

foreign sources, 126. 383
ratio of R&D scientists and engineers to

workers in the general labor force, 84,
328

support, 106, 379
scientific term and concept knowledge,

208, 492
social sciences first degrees awarded in,

37, 252

Japan
assessment of scientific research. 206, 485
export market sha: e, 163, 440-446
GDP, 158, 437-439
high-tech exports, 163, 440-446
high-tech industries' share of total manu-

facturing output, 161, 440-446
import penetration of high-tech markets,

165. 440-446
informedness on scientific issues, 200. 477
interest in scientific issues. 199. 474
NS&E first degrees awarded in. 37, 38,

251, 253
patents

awarded to nonresident inventors, 176,
177, 455, 464-465

genetic engineering, 181, 182, 467
optical fibers, 183. 184, 468
robot technology, 179, 180, 466
U.S. patent classes most emphasized,

174, 175, 457
(I.S, patents granted to, 172, 455

R&D
as a percentage of GDP, 101. 375-376
employment by affiliate's of U.S. compa-

Mes in, 69, 310
expenditures. 99, 100, 330. 377-378
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R&D Japan (Cont.)

facilities located in the U.S., 127
industrial, 169, 170-171, 452
nondefense, as a percentage of U.S.

spending, 101, 3 76
performed for affiliates of U.S. compa-

nies in, 125
performed in the U.S. by affiliates of

companies in, 126
portion of industrial R&D financed from

foreign sources, 126, 383
ratio of R&D scientists and engineers to

workers in the general labor force, 84,
328

support, 106, 379
ratio of exports to production for all manu-

facturers, 162, 440-446
royalties and fees from exchange of indus-

trial processes, 168, 450
scientific term and concept knowledge.

208, 49 2
share of global high-tech market, 161,

440-446
social sciences first degrees awarded in,

37, 252
students in U.S. universities. 53
technical education in, 46

Japan-Europe corporate technology alliances,
123, 383

Japan National Study, 1991. 198
Japan-United States corporate technology

alliances. 123, 383
Jobs in science and engineering. See Science

and engineering (S&E), workforce

Korea. See South Korea

Labor force in S& E. See Science and engi-
ne('ring (S&E), workforce

Win America
precollege students. SAT math scores, 15,

244
R&l)

performed for affiliates of U.S. compa-
nies in, 125

performed in the U.S. by affiliates of
companies in, 126

Liwyers
employed full time, 70, 31 2
employment by gender, 79, 321
median annual salaries, 74, 31 7

License arrangements, university income
from, 153

Life sc'-nces
academic doctoral researchers

by number of years since doctorate, 147,
413

reporting federal support. 119, 419
reporting multiple federal agency sup-

port, 150, 420
average annual growth rates of employed

doctoral scientists and engineers, 115,
406

doctoral unemployment, underemployment,
and employment rates, 75

employment rates, 72

Life Sciences (Cont.)
expenditures for research equipment at

academic institutions, 142, 404-405
federal obligations for research, 112,

35 1-354
inteenationally coauthored articles as a

percentage of all articles, 151, 426
minorities as a proportion of doctoral S&E

workforce, 81
number of institutions receiving federal

R&D support, 139, 40 2
women as a proportion of doctoral S&E

workforce, 81
Life scientists

employment by gender, 79, 32 1
federal employment, 65. 3 07

Literature
U.S. and world publications in biology and

biomedical research, 152, 421
world literature in key journals, 149, 151-152,

421-429
Longitudinal Study of American Youth (LSAY),

10, 12, 14, 210-212
Luxembourg

assessment of scientific research, 206,
4 85

in formedness on scientific issues, 200,
47 7

interest in scientific issues, 199, 474
scientific term and concept knowledge,

208, 492

Malaysia, competitiveness assessment, 188,
189, 190, 471

Manufacturing employment, 62-64, 301-303
Market exchange rates (MERs), 98, 99, 330
Markets. See Global marketplace
Masters degrees. See Degrees, masters
Materials engineering

doctoral unemployment, underemployment,
and employment rates, 75

employment rates, 72
minorities as a proportion of doctoral S&E

workforce, 81
women as a proportion of doctoral S&E

workforce. 81
Mzthematical sciences

academic R&D expenditures, 137, 397-398
average annual growth rates of employed

doctoral scientists and engineers, 145,
4 06

degrees. bachelors, 47, 48, 2 72-2 73
employment rates, 72
expenditures for research equipment at

academic institutions, 142, 404-405
Mathematical scientists

employed full time, 70, 312
employment by gender, 79, 321
immigrant

admitted to U.S. on permanent visas, 83,
323-32 4

from the former Soviet Union, 83
median annual salaries, 74, 31 7
minority representation in S&E labor force,

82, 322
unemployment rates, 71, 316

667

Mathematics
academic doctoral researchers

by number of years since doctorate, 147.
412

reporting federal support, 149, 4 18
reporting multiple federal agency sup-

port, 150, 420
average annual salary offers to doctoral

candidates, 77
degrees

associate, 47. 271
bachelors, 47, 48, 2 7 2-2 73

doctoral unemployment, underemploy-
ment, and employment rates, 75

federal obligations for research, 112,
351-354

foreign students in graduate programs, 52,
279, 287

freshmen needing remedial work in, 45-46.
267-269

graduate student financial support, 56,
297

internationally coauthored articles as a
percentage of all articles, 151. 426

minorities as a proportion of doctoral S&E
workforce. 81

number of institutions receiving federal
R&D support. 139, 402

percentage change in U.S. share of world
articles, 151, 421

as planned majoi of National Merit Scholars,
45, 265-266

precollege studies
achievement in 1992, 9-10, 236-239
calculator use and, 23, 24
classroom activities, 21-22, 23
computer use and, 22-23
highlights, 2-3
improvements in assessing achievement,
26-29
international comparisons of achievement,

16-17
NAEP trends, 4-7, 28, 2 2 3-239
SAT scores, 14-16, 240-2 46
student attitudes toward. 12-14
student persistence in courses, 10-12
student SME intentions, 12, 13
trends in achievement by ethnicity, 8-9,

232-2 35
trends in achievement by gender, 7-8,

231-235
trends toward state frameworks and

higher standards for student perfor-
mance, 29-30

women as a proportion of doctoral S&E
workforce, 81

Mathematics analysts, defense-related
employment, 66-67, 315

Mechanical engineering
degrees. bachelors, by gender, 80
doctoral unemployment, underemploy-

ment, and employment rates, 75
employment rates. 72
manufacturing jobs, 62, 301-303
minorities as a proportion of doctoral S&E

workforce, 81
women as a proportion of doctoral S&E

workforce, 81
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Medical scierce, acadennc R&D expendi-
tures,. 1:17, 397-398

M(ntoring of precollege students. 25
N1ERs (market exchange rates) 05 00 330
Mexican Americans, precollege students.
SX1' math scores, 15, 244-245
Nlexico

NS&E first degrees awarded in. 37. 251
patents awarded to nonresident inventors,

176, 177, 455. 464-465
R&D performed for affiliates of U.S. com-

panies in. 125
social sciences first degrees awarded in,

37, 252
Middle East

immigrant scientists and engineers from,
82. 323-324

R&D
perfornwd kw affiliates of U.S. companies

in, 125
performed in the U.S. by affiliates of

companies in, 126
Nlinorities. See Ethnic comparisons

NAEP (National Assessment of Educational
Progress), 1-7, 28, 223-239

National Aeronautics and Space Admin-
istration (NASA)

academic R&D funding by mode of sup-
port. 140. 258

funding for FCCSET initiatives, 113, 359
R&D support, 104, 107, 108, 109, 111,

340-346, 349-350, :355
National Assessment of Educational

Progress (NAEP). 4-7. 28. 223-239
National commitment indicator. 187, 188,

471
National cinnpetitiveness indicators, 186-190,

471
National Competitiveness Technology Trans-

fer Act (NCTTA), 120
Natitmal Cooperative Research Act (NCRA)

of 1984, 122
National Education Longitudinal Study of

1988 (NELS:88), 10-11. 1 4
National Institutes of Health (NIH)

academic R&D funding by mode of sup-
port. 140. 258

NW Survey of Public Understanding of
Biomedical Concepts. 1993. 198

R&D support, 104, 103
National Merit Scholars, planned majors,

41-15, 265-266
National Science Foundation (NSF)

academic R&D funding by mode of sup-
port. 140. 258

funding for FCCSET initiatives, 113, 359
NSF Survey of Public Understanding of

Science and technology. 1979-1992, 198
R&D support, 104. 107, 108, 109,

340-346. 355
Native Americans

academ:c employment and R&D involve-
ment of doctoral scientists and engi-
neers. 146. 409-41 1

degrees, bachelors, 49. 274-277
precollege students, SAI' math scores. 15.

246

Native Americans (Cant/

proportions of doctoral S&E mirkforce. 81
Natural science and engineering (NS& El ,

first degrees by region. 36-38.
251-253

Natural sciences
degrees

associate. 47, 271
bachelors. 41, 47, 48, 255. 272-273
first, by region, 37, 252
masters, 42, 255

foreign students in graduate programs, 52.
279, 287

graduate enrollments, 50, 51, 278-279
graduate student financial support, 56.

296-297
as planned major of National Nlerit

Scholars, 45, 265-266
Natural scientists

employed full time. 70, 312
immigrant

admitted to U.S. on permanent visas, 83,
323-324

from the former Soviet Union. 83
median annual salaries, 74, 31 7
minority representation in S&E labor

force, 82, 322
unemployment rates, 71, 316

NCRA (National Cooperative Rest-arch Act)
of 1984, 122

NCTTA (National Competitiveness
Technology Transfer Act). 120

Near East. immigrant scientists and engi-
neers from. 82, :323-324

N ELS:88 (National Education Longitudinal
Study of 1988), 10-1 1, 14

Netherlands, The
assessment of scientific research. 206. 485
informedness on scientific issues. 200,

477
interest in scientific issues. 199. 474
R&D

employment by iftiliates of U.S. compa-
Ines in, 69, 310

performed for affiliates of U.S. compa-
nies in, 125

performed in the U.S. by affiliates of
companies in. 126

scientific term and concept knowledge,
208. 492

NIH. See National Institutes of Health (NW)
Nonmanufacturing employment, 64, 304-306
North America

NS&E first degrees awarded in, 36-38, 251
S&E first degrees awarded in, 36-38, 251

NSF. See National Science Foundation (NSF)
Nuclear engineering

doctoral unemployment, underemploy-
ment, anti employment rates. 75

minorities as a proportion of doctoral S&E
workforce, 81

women as a proportion of doctoral S&E
workforce. 81

Obligations, defined, 94
OECD (Organisation for Economic Co-oper-

ation and Development), 97, 159, 160,
169, 440-446

668

Operations research analysts, defense-relat-
ed employment, 66-67, 315

Optical fiber patents, 183-185, 468
Organisation for Economic Co-operation and

Development (OECD). 97, 159. 160,
169, 440-446

Outlays. defined, 9-1

Pacific
R&D

performed for affiliates of U.S. compa-
nies in, 125

perforated in the U.S. by affiliates 01
companies in, 126

royalties and fees from exchange of indus-
trial processes, 168, 450

Papers. See Literature
Parental attitudes about anti support of pre-

college students. 24-25
Patents

awarded to U.S. universities, 152-153.
430-436

by patent office classes, 17-1-177. 456-463
genetic engineering, 181-183, 467
granted patents by owner. 171-174. 455
highlights, 157
international patent families as a basis of

comparison, 178
optical fibers, 183-185. 468
patenting outside the 176, 177-178,

455, 464-465
robot technology, 178-181, 466
university income from, 153

Petroleum engineering. employment rates.
72

Ph.D. degreet.. See Degrees. doctoral
Physical sciences

academic doctoral researchers
by number of years since doctorate, 147.

-112
reporting federal support, 149, 418
reporting multiple federal agency sup-

port. 150. 420
academic R&D expenditures, 137,

397-398
average annual growth rates of employed

doctoral scientists and engineers, 145,
406

degrees. bachelors, 47, 48. 272-273
doctoral unemployment, underemploy-

ment. and employment rates, 75
employment rates, 72
.xpenditures for research equipment at

academic institutions, 142, 404-405
federal obligations for research. 112,

351-354
minorities as a proportion of doctoral S&E

workforce. 81
number of institutions receiving federal

R&D support. 139, 402
women as a proportion of doctoral S&E

workforce, 81
Physical scientists

defense-related employment, 66-67, 31 5
employment by gentler, 79, 321
federal employment, 65, 307

Physicians
employed full time, 70, 312
employment by gentler, 79, 321
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Physicians (Cont.)
median annual salaries, 74, 3 1 7

Physics
average annual salary offers to doctoral

candidates, 77
internationally coauthored articles as a

percentage of all articles, 151, 42 6
minority representation among freshmen,

44, 264
percentage change in U.S. share of world

articles, 151, 421
undergraduate instruction by type of

faculty, -13, 257
Poland

NS&E first degrees awarded in, 37, 38,
251, 253

social sciences first degrees awarded in,
37, 252

Portugal
assessment of scientific research, 206, 485
informedness on scientific issues. 200, 477
interest in scientific issues, 199, 474
scientific term and concept knowledge, 208,

492
PPPs (purchasing power parities), 98. 99. 330
Precollege education. See Education, precollege
Precollege students. See Students, precollege
Precolh.ge teachers. See Teachers, precollege
Primary education. Sce Education, precollege
Primary mathematics. See Mathematics, pre-

college studies
Primary science. See Science, precollege

studies
Priilary students. See Students, precollege
Primary leachers. See Teachers, precollege
Productive capacity indicator, 188, 189, 471
Psycholow;

academic doctoral researchers
by number of years since doctorate, 147,

414
reporting federal support, 149, 4 19
reporting multiple federal agency sup -

port, 150, 42 0
average annual growth rates of employed

doctoral scientists and engineers.
145, 406

doctoral unemployment, underemploy-
ment, and employment rates, 75

employment rates, 72
expenditures for research equipment at

academic institutions, 142, 4 04-405
dmorities as a proportion of doctoral S&E

workform 81
number of institutions receiving federal

R&D support, 139. 402
women as a proportion of doctoral S&E

workforce, 81
Public attitudes toward S&T

assessment of benefits and costs, 205-206,
485, 488

attitudes toward the work of scientists.
203-204, 485

confidence in institutional leadership. 203.
204, 483

expectations for s&T, 204-205, 486
five basic concepts for thinking about pub-

lic attitudes and knowledge, 197
general attitudes, 203, 204, 485
government spending, 206, 207, 489-490

highlights, lOt
impact of S&T, 205, 487
youth, 194, 212-213..198

Public context of science, 214
Public school education. See Education,

precollege
Public school students. See Students,

precollege
Public school teachers. See Teachers,

precollege
l'ublic understanding of science

biomedical terms and concepts, 208, 209,
493

environmental tenns and cinlcepts, 208-209,
210, 211, 494-496

highlights, 194
primary data sources. 198
scientific approach, 209-21(1
scientific terms and concepts, 207-208,

491-492
youth, 194, 210-212, 497

l'ublications. See Literature
Puerto Ricans. precollege students. SAT

math scores, 15, 245
Purchasing power parities (PPPs) , 98, 99,

330

R&D. See Research and development (R&D)
Racial comparisons. See Ethnic comparisons
RAs (Research assistantships), 55, 56,

294-295, 299-300
Research and development (R&D)

academic. See Academic R&D
definitions, 94
domestic R&D consortia, 122
employment

by U.S. companies in other countries,
67-68, 69, 310-311

in the. U.S., 65. 67, 68, 308-309
federal support

academic researchers, 14 8-149. 150.
418-420

by agency, 104-112, 138-140, 340-357,
400-402

by field, 112, 35 1-354
cross-cutting initiatives, 108-110, 113. 3 59
defense-related issues, 110-116, 356-35 7
DOD, 104, 107, 108, 109. 111, 340-346,

349-350, 355-357
DOE, 104, 107, 108, 109, 111, 340-346.

349-350, 355
federal focus by national objective,

101-104, 363-364
funding by budget function, 102, 103.

363-364
funding for defense conversion, 116
health, 105
HHS, 104, 107, 108. 109, 111, 340-346,

349, 355
NASA, 104, 107. 108, 109, 111, 340-346,

349-350, 3 55
NSF, 104, 107, 108, 109, 340-346, 355
overview. 100-101
patterns in federal lab R&D perfor-

mance, 110
structure of obligations, 104-112,

340-35 7
USDA. 104, 107, 111, 340-346, 349, 355

669

511

Research and development (R&D)(('ont.)
foreign, in the U.S., 124-127, 383-385
health, 105
highlights, 88-89
industrial. See Industrial R&D
industry linkages

industry-government interactions, 117-120,
3 3 1-332, 368-374

industry-industry partnerships, 122-127,
380-386

industry-university partnerships, 120-122
overview, 116-117

international comparisons, 97-101 375-378
international strategic technology

alliances, 123, 383
market exchange rates (M ERs) , 98, 99, 330
national

aggregate trends, 91-95, 3 3 1-3 36
by source and performing sector, 92, 93,

95, 331-336
by state and ratio of R&D to gross state

product. 97, 339
by state in which R&D is performed, 96
expenditures by character of work and

performers. 135, 333-335, 387
funding by source, 90, 333
overview, 91

purchasing power parities (PPPs), 98, 99,
330

small business. 118, 361-362
state distribution of spending. 94-97,

337-339
tax credits for. 118-119, 362
U.S. industry overseas, 123-12.1, 380-382

Research assistantships (RAs). 55. 56,
2 94-295, 299-300

Robot technology patents, 178-181. 4 66
Royalties and fees from intellectual property,
167, 168, 44945 0
Russia. See Soviet Union, former

S&E. See Science and engineeting (S&E)
S&T. See Science and technology (S&T)
Salaries

average. annual offers to doctoral candi-
dates, 77

beginning salary offers. 73-74. 318
doctoral scientists and engineers, 78, 315
engineers, 73, 74, 313, 317
S&E, 72-74, 313-314, 3 1 7-318

SAT (Schola,tic Aptitude Test), 14-16,
240-246

SBIR (Small Business Innovation Research)
Program, 118. 361-362

Scholastic Aptitude Test (SAD 14-16, 240-246
Science

academic doctoral researchers
by number of years since doe;arate. 147,

412
reporting federal support, 149, 418
reporting multiple. federal agency sup-

port, 150. 420
academic R&D expenditures. 137, 397-398
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